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BABCOCK I WILCOX 

Customer Intormatl Dlv. P1 Article 1 

1~ 7510 MCR 10010 7510 25~ 

it Lv .. 

hi. SH Ou~l,!:!U'~~_I-'~:'!:!-__ II....;!:!:-=:!:.-__ 1 

jioriz. 

," Ent. Airheaterll 



BABCOCK • WILCOX 

''''JrtT Customer Intol'Ylation per Div. n Article 1 

Radiation 10111 

Unburne4 carbon 0.20 

Unscet. tor Ie MIltnu1'. mar in 1.00 

t 

llITEFIIOUNTAIN POWER PROJECT - RB-61k 
STEAM GENERATOR 
PROJECT FILE 

12 0 

-------- ------- --------1------.,-----.-----1 

.------J------- -----

.. -

c 



... 

.' 

Lo.d .••••••••. percent 

outlet pressure. 

flow ............ ' ••••••• 

temp.",,,,, ..................... F 

epr.,,, ... ""',, if " '" .. 

Drl.N pre •• ur .............. •••••• ~ •• 

* F.cono.lzer Inlet pre.aure ••••• 

!conoml1.er inlet t'mperoture •••••••••• F 

outlet temper~ture ••••••••• F 

R"huter Inlet flow ••• ••••••••••• Hlb/hr 

Rehll'tlter Inlet pres.ure ••••••• .. " '" " 

Inlet temperature .... '''''." .. " .. " l1li".' 
fteheat.r "pray fJow ••.••••••••••••• 1b/hr 

Rehellt.r out pres.ure ••••••••••• pa 

R"hl'ltl:er outlet tl'mpenlurll! .......... F 

FUl!'l low • • ••••••• ton/hr 

of v.rl~.r" In ".rvlre .•••••. 

valves and static head. 

Rased on 
and 

o 

870 

880 

U50 

56U 

o 

98.1 

2 

VI 

" 

~ , 

Gutlranteed Data,' the 
ul,on tlaxhlulli Capacity I • 

---11l50_ -152.5..-

950 

o o 

1862 2417 

401. 

7.500 l7.50 

585 440 

0 0 

262 114 

850 

_lQ5IL-

1005 

2470 

2476 

'161 

486 

2500 

21~ 

565 

0 

262 

527 

507 

190.8 95.5 185.6 269.5 

5 2 5 
--.--~ .. ~ ... . -~-"-' -"'-

!i , .. 
~ " 
~ 

the 

tIeR 

2675 

2100 

5'11 

5000 5S01l 

5)9 590 --.-
620 IiJO 

.2 



I' 

t.O.lu •.•••••••• pct'ccnt. of Hllxlmum 

onoion I::EC1cicncy •••••••••••••• porcclI 

Let' nJlrny \,IDter cure. , ,f' 19 

n 



... 

Loa., .•..•••... percent of Hlldmull 

Air flow ratell 

Theoretical .11' for combultloq •• Hlb/hr 1 3162 1 5685 

Total alr for combustion. 3952 3880 
exces. air •.••••••• 

6538 6954 

All' from all' fa" •••• ", ••• 

.11' ••••• .•••••••• ; ••• Hlb/hr 310.3 

Air to II .... 

293.9 1.6 .2 .4 .. , 
Ale from F. D. f.n ••••• " •••• ~ ••• Hlb/he 31.5 5540 59 . ' 

.It' ••.••• ~ ••. ''' •• 22 22 55 77 77* 

Air to all' he.ter ••••• Hlb/hr 2062 5540 5935 

Alr from .le 
heoten It ..... 'II .. !II '" " <II .... /II ..... 

.5 1875.0 3036.5 5226 

All' pre.lur,u: 

Air from .11' fan •• ln. of ".ter 30.1 .0 29.4 25.7 30.1 '1 .3 .1-

Atrto all' 
heaters .• . .. ... • ••••• In. , ot "ater 29.7 .3 .0 .3 31.5 .4 

All' from lr . hcaters ••••••••••••••••• ln •• of ".ter .5 23.8 28.8 .5 • .5 30.2 32.0 

all' 
.. '" .. " " lilt <Ii In. ot' water 1.8 1.3 1.7 1.2 3.6 5.2 6.0 

hir from all' - hcaters •.••. " •.•••.•••• tn. of water 1.4 0.5 1.3 0.4 2.2 3.2 3.7 

AII' lit wlndbox •••• . ••••. In. of water 1.0 -0.2 1.1 1.4 

*SealJ air is taken from nr. I1fr. 



-

... 

toad •.••••.... pcrcent 'ur lta'KII'llUIII. 

Air temrerature.: 

Air tn air heater., ••• ~ •••• F 

Air from rn,,,I.,r .. alr heater •••••••• F 

.. " '" ......... ., ..... " 1111 .. .. 

.. .. .. ,. .... ,. ..... fit ...... .. 

Flue gal flow rate'l 

furnace ••••••• 

economlzer ••••••• • .. ., • 4' 

Entering air 

air 
heatf!rll ... ~ "' ...... # "' .. "" ........ '* {O ......... " 

air heater •••••• Hlb/hr 

air heaten •• 

420 

363.9· 

tlalltlmlJlll velect or cnlle. in 
1II1I'.(!rhcol er rrl:!e nrcllI .••••••• ft/llec _.1.,..1 __ _ 

tt:u;lIlIllm velnel r,olles In 23 
rel.ellltcr net ftren .....••••.•• {t/.ec 

tl::ud filum 'IIf! loe t 
ccollord ze r 

or r.n~el In 
free orea ••••••• ft/sec 6 

, 

60 

62 62 

510 

4343 4264 

4315 2500 4295 

682 439.B 670 

3625 

2247.2 3820 

22 11 22 

39 28 40 50 

14 4 13 22 

**Steam con lIeat used to heat the air from a tl:'mpcraturc of 62 F. 

I 

64 65 

635 645 

420 

7184 7643 

7241 7703 

972 991 

6112 

6583 7048 

45 51 

47 

36.2 41 



.. . ... I , 

Load •••••••••• percent of nadlllulII 

Flue ,aa pre.lurell 

1n rUThaCe •• " ......... 111 • " " .. ... In,. of watar 0 0 0 0 0 0 0 

fu£n.ee •..•...•.•. ln. 'of waUl' -0.0 -0.0 -0.0 -0.0 -0.1 -0.1 -0.1 

economl~er ••••••• ln. of watel' 

economlzer ••••••• ~ln. of watel' 9 -1.5 -1.0 -1. -2.4 -2. 

alr 
-1.6 ',eater .•.•••.••••.•••••• !n. of water -2.4 1.7 -2 

all' -2.4 h •• ter ..•..... ·. ... " " -II ...... In.~' of ".tel'·- -3.7 .r "';;4.6 

alit' .0 .4 of ".ter -2.2 .2 .0 -6.4 

air 
of ".ter -2.2 .9 -2.3 -7.9 .8 

. 
I 

Flue Billa temperature. I 

·furn.ce •••• ~ •••••..•••••••••• 1190 1480 1170 1470 1650 1780 1815 

lupecheater ••••••••••••••••• r 1375 1360 1725 1940 2015 

reheater •• ......... r 1064 1325 

·economl~er ••••••••••• .... lit • .F 

econo~lzer •••.• ·• ............... .r 
air he.ter •••••••••• 

all' heAter •••••••• , 

J. 200 

J. 237 
Ill; 

C-28 
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... 
\ 

Lollld. " ~ .... percent of Ha:dlllHlr. 

[xce •• all.': 

Leavln& furn.ce •••• ; ••••••••••• percent 27 27 19.3 16 16 

economlzer ••••••••••••• percent 43 28 U 28 20.3 17 11 

alr beater •• : •• p1ercent 64* 

lecon".ry ,.lr hlt.ter.~.rercent --
* PriG Sec. AH's 

£.I.llon concentratlona 
t 4. 5.52 4.74 5 51 5.88 
t 

economizer .. " .. 'ill '* ... .,,, <11>" 5.37 5. 5.37 5. 6.29' 

_ .. -- ., ---"_._. , 

ze r ...... '" .. '" .. '" .... '" <I ........ ;;, .. • • pp. 8.7 9.3 8.5 9.3 9.9 10.1 .1 

••••••• lb/'t1HBtu Maximum of 

air he.ter •••••••• lb/HHBtu across load range. 

H •• t absorbed BoUerl 

. Loalel: 

In fu.l ••••••••••••• perc.nt 4.93 4.89 5.10 .15 5.16** 

Moisture in fuel ••••••••••••• percent 

liohtutc 1n at t' " ... " • " •• " 
!II " '" " 

.05 0.06 0.05 0.06 0.07 

Dry la, '" " ... ill " ...... 'II> .. " " '" .... .$ '" •• percent 4.57 4 57 4.84 4.98 

Combulltlble 1n re(u.e •••.••••• pes:cent· 0.20 0.20 0.20 0.20 0.20 0.20 

R.dl.tlon •••••••••••••••••••• percent 0.57 0.30 0.58 0.30 0.21 0.17 0.15 

- Unacc:ount & ••••••• percent 
• 

...:Ii. Total heat ab.orbed .•••••••• •• percent 11.23 11.34 

Boiler 'ASME 
PTe 4.1 abbrev 89.B7 

Fuel 

c-



" !. iJ'1 
. J 

.: . 
'O. , ~ : . , , 

Load •..••• Ha xi_ 

Power to motors: 

2 5 2 5 6 7 7 

Pulverizer motors •••••• • • it III ........ 
31 

air" fan. 
I 1 1 1 2 2 2 

air fan motor.. .. ... til ...... • ". 

Humber of eoal feeder. 2 .. ... " . 5 2 5 6 7 1 

Coal feeder motor •.••••••••••••••••. kV 3 8 3 8 11 1 

.- --Humber of 
PUIIIp' 

Boiler eiculatlon pump motor ••••••• 

All other motor •••••••• •••••••••••• kV 

•• 

( ) 

c-



80i e 

Total 

Ca 

Cd 

Air 

to 

r from 

• xture 

•••••••••••••••• 

••••••••••• •• 

• • 

at 
•••••••••••••••••• 

• ••• •• •••• •••• 

•• 

Ca i 

.. .. 

a 

cut 

ust • M 

ing 
•••••••••••••• •• 

••• • 

•••••••••••••••• 

•• •• .... ". M 

••••• M 

,. ., .. M 

rs ...... M 

coals trom Reserve 

(-31 

B 

5 

Coal 

F on d.n 

1 
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Reserve 

r sures: 

r •• • 

•• ct _ate 

a 
• .. • •••• 

Air to sec a 
heaters .......... •••• G • • 

.. .... •• • 

Air at ............. • 

Air ratures: 

not ............ 
r ••• .. . .. 
r .......... 

... . . . . .. 
.. .. .. ............ 

f rates: 

econom .. .... •••••••• M 

r heaters .. .. M 

a ters ........ / 

ue qas sures: 

Leav q ....... •• .. cf 

iroary ai . .. .. ... 
a 

rs ....... . ...... . ........ . .. cf 'IIoiat 

xture coals from Coal Reserves B F on an 1 we .. 
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Re 

Ci 

ue 

q 

teav 
correc 

I.e 
correc 

Leav 

Le 

.. ,. 

1 4.1 

s: 

............... 

..... It ••• .... • .. .. .. 
air , 
•••••••••••••••••••• 

25 .. . 
................ 

. ... . .. .... . 
••••••••• 

B 

.. 
~~.~~~~--~~~~~~~--~~~--~ .. 

Reserve 

Reserve 

F on an 

......... •• 111. .. .. •• ..... • ........... ,.... II • ___ .;;......;;;.;;:;. ....... .::.;:::.;::;..;;;.......;:;..:;:::..:::.::..: __ _ 

...•................ ..... <It .. ...... --_.:::::.....:...;:;...--------_._---

Make .... ..... 
1 .... ••••• 

. .. 

• •••••• • • 

. .. . .. .. . ... 
• '* .. • • • • .. 

.. .. .. .. • •••••••• .------------------------------. ............. . ............. -----_._------------

.. .. .. ••••••••••••• 
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SUMMARY 

UNITS GUAR ACT ACT RANGE 

% 88.57 88.19 87.54 88.49 

SH Steam F 1005 10 

RH F 1005 -10 1005 950 

SH Press PSIG 160 Not Available - -
RH Press' PSIG, 25 Not Available 

Econ PSIG Not .Available 

Steam -Solids 0.08 Not 

lstance lnWC .2 3.81 3.18 - 5.37 

Draft Loss inWC 7.9 7.48 6.90 8.62 

335 0.0 

RH 0 0.0 

MCR 6600 

--;-

3965 4089 % XS Air 
3076 59 % XS Air 

Excess Air 
AH's 27 .5 25.5 - 48 AH 

Pri AH 163 130 244 AH Not Test 
Sec AH 1 599 

Guar 

NOX '. .47 

Pulv 
Assumed Met 

% vs 
% 50 99 99+ 

Power or 
Access.) KW 5 5 OK 

Dust 6.44 Not Tested 

1 

Not Tested 

TCH- 7 

I 

- \. 



GUARANTY SUMMARY 

CATEGORY UNITS GUAR ACT ACT RANGE REMARKS 

" 88.57 88. 54 . 88.49 

( 
SH Steam F '-

RH Steam F 1005 10 1005 

SH Press PSIG Not Available 

• RH Press PSIG Not Available , 

Econ Prs PSIG Not Available 

Steam Solids ppm 0.08 Not Tested 

Air Resistance inWC 5.2 3.81 3.18 . 5.37 

Draft Loss inWC 7.9 7.48 6.90 8 62 

SH 335 0.0 

RH 0 0.0 

MCR 6600 6600 

Control 
3965 4089 31 % XS Air 

3076 59 % XS Air 
( 

Excess Air 
AR's % .5 .5 - 48 AR 

Pri AR 130 244 AH Not Test 

Sec AH 314 488 331 - 599 
Guar 

NOX .55 .21 - .47 

.3 Assumed Met 

Pulv Fineness " 62 43 vs 
% 99+ 48 

Power or 
Access.) 5955 OK 

Dust 6.44 Not Tested 

1 
ion Not Tested 

TCH 7 
I 

I 1 
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BABCOCK a WILCOX 

IN E 

" ." •... . . \ 

THe CUAV!S ARl SU8MITTED FOR THE "URCHASUI'S CONVENIENCE AND THI! "1!"'I"OI'lMANCI! I 
SHAll NOT 8E O"I",EO BY THE COMPANY DR CONSTRUED BY THIEPUIRCIHASEI~ "IAPl'liO"1 
OBllOATION, 

DA"WN BY A""flOVEO BY 

JAJ 6-17-86 
All.. NO. AND DATE CONTRACT NO. 

- EXCESS AIR VS. BOILER 

1 

'11.£ NO. 

CIS- lOl.(l2A 



1 1 



PG 8964 Babcock & Wilcox 

( 

S l'llNVt"'I~NCIc ANLJ lli~ PlHFORMANCr INDICATED THEREON 
SHAll N(H HI Ol-II::IHU HY IHI lIY 1 til PURCHA51 A AS A PROPOSAL OR CO~TRACT 

-1>.1 ION 

11 .. 
RfLNtlAN(lDAH 1 

1 



PG 8964 Babcock & Wilcox 

""""'" CONTRACT IN 

HlSI CUHVISAHt SlJUMllll1> <'Ii 1 II-I'UHCHASfA'SC()NV~NIINC; ANIll11i I'tlUOHMANCllNDICAllDTHI:REUN 
HALL NOT 91: OFFE;RH) HY THf COMPANY OR CONSTRU(() By THE: I'URCHASl H AS PROPOSAL OH CONTRACT 

flY 

2 
CUNTRACl 

14 14 
CIS- 101. 05 

I 1 



o .5 1 1. 2 5 3 5 
water 

4 4.5 

I 1 



or 'less. 

1 i ons, see 

1 
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on 
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INSTRUCTIONS FOR PLACING THE AIR 

Excess 

1. 

2. 

3. 

Gas 
des 

4. Lower 

5. 

Rotor tr 

Gas 
no 

dr motor. 

8-1 76 TB 

excess 

enter 

on-stream 

occur if 

to exces 

to 

t 
seals 

flow 
a 

wear. 

excess of 

f 
or 

OM-8 

1 

1 cause 

a 
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0 c. 
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'0 
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to 

85°F 

180°F 

175°F 

170°F 

. ~~ 160°FI--______ -+ ______ +-I--______ ~------_+------~ 

.9l U 
;; !!:! 
50 !6 g 155°F '--__ _ 
a:..i2. I"" 

lS0°F~ __________________ ----~------~--------
2 

Sulfur content (% as fired) 

- 4 -

3 4 5 

.......... 
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PG 896 4 Babcock & Wilcox 

lHlSE ClIHVESARE SUBMITllD lOR THE PURCHA~HH'SCONVENltNCI AND THI· P~Rf-ORMANC~ INDICAlfU THERe 
SHALL NUT BE OFFERED BY THE COMPANY OR CONSIRULD BY JHf PURCHASER AS A PHOPUSAL OR 
OBLIGATION 

DRAWN BY 

RI-I NO ANflDATl 1 9-16-83 2. 10-01$-83 

APPR()VE() BY 

3 
Ufl;; VS T jMt:: 

(APP ~r'!1( IfVlR1i: 

I II! NO 

1 
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BWFP 

REl. NO. AND DATE I 

THE BABCOCK a WILCOX COMPANY 

z. .2-5-82 3 5-20-83 
CONTRACT NO. FILE NO. 

1 



" 

aWfP 'US __ 1 

REl. NO. AND DATE I 
4 5-20-83 

TH~ BABCOCK a WILCOX COMPANY 
FOSSIL POWER GENERATION DIVIS. 

I I 

',: 

c:;'-\C"LC \ 

1 
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" . 

BWF'P 311511-1 

REl. NO. AND DATE I 

. .~.'. 

BABCOCK a WILCOX COMPANY 

2 (2-5-B2) 

1 



>, . 

tlwfP 31154-1 

REl. NO. AND DATE 

AIR 

1 2-5-82 

BABCOCK a WILCOX 
FOSSIL 

CONTRACT NO. FILE NO. 

I 1 



PQS 
p 

lEeENO 

T - TEMPER~TURE-OECREES ~ 

P - PRESSURE-PSIA 

" - FlOw-lB/HR 

~ - EN1H~lPY-9Tu/le 

TP,", - TONS PER -.ouR 

5S11 p 

3 

F'IGURE 3-2 

88 
118 

AlN POWER MGENCY 
! NTERMOUNTf'l.! N Pow:::;;: o~O ECi :..IN i 

MAXIMUM CAPACITY (100% LOAD 02/04/87 TESi I. 

1 



sss p 

PENTHOUSE 

POS 
P\.II. VER 1 tER 

E 

A 

;: 

B 

I.ECENQ -

TEMPERATURE-oeCREES ~ 

- PRESSURIH'S 1 A 

" FLOw-I.B/IoIR 

H ENTMAt.PY-STU/lB 

TPM TONS PER IoIOuR 

I.E VEl. 4 

J 

Z 

STEilI'! GENERATOR 

88 
se 

F'IGURE 3-2 

FEEOWATER 5182900 • 
2738 p 5Sl T 

14.43;: 

4,75% Oz 

759 T 

INTERMOUNTAIN PO~ER MGENC 
!NTERMOUNT~!N PowE~ =qOJECT ~Nl~ 

MAXIMUM CAPACITY (100% LOAD) 02104/87 - TEST 

1 
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C. 

D. 

Te ts that 

1. Boiler Runback 

2. Boiler able 

3. 

4. 

5. Ductwork. 

Test Methods 

A.l.a. 

A.I. b. 

A.2.a. 

A.2.b. 

A.3.a. 

A.3.b. 

A.3.e. 

A.3.d. 

A.3.e. 

can eted 

Pressure 

fici Tests. 

from 
sound pressu~e level (C 

measured for motors 1,000 HP and 

measured on the 

ASME PTC 5.4.1. 

ASME PTC 4.2 

, 

e 

ai , correct coal alr ure, verlzers at 
capaci , and no 

1 1 



A.3.f. 

A.4 

B.l 

.2.a. 

B.2.b. 

B.2.c. 

B.3 

B.3.b. 

B.4 

8.5 

B.6 •• 

ASME PTC 4.3 

r 

steam 
does not 
ion above 
reheat' 

soot bl 
t run. No 

hour test run. 

e two 

from boiler 
fl ue gas oxygen 
test connect 

measured gas 
connect , th 

than 27 

7.03 and 7.13. 

Measured 
ets of 

and r heater flue gas outlets side 

zer 
team drum and 

calibrated 
pressure tters 

and steam drum, 
er outlet between 

connect , and between the 
Corrections to des 

and outlet 
11 be made, 

station t 
should be 

analyzer. 

spray 
spray flow nozzle and station 

spray flow measured flow nozzle and 
tter. Gas proportion s and excess 

ted proper 

IPse to propos method. 

Measured from multi-po 
calibrated electronic 

1 

grid 



B.6.b. 

B.6 •• 

B.7.a. 

B.7.b. 

B.B. 

C.l 

C.2 

C.3 

C.4 

C.S 

zers 

B&W to 
it. 

iandpropose 

tter 

El cal power for 
th 

hour meter at 
measured for feeders, 

ts, amperes, and 
rheaters, and seal r blower. 

. After proper control arm 
full to half load 

Method to be proposed 

Method to be 

Method to be 
B&W. 

B&W. 

ion 
recommended 

Black. & 

1 1 1 



STEAM GENERATOR ACCEPTANCE TESTS METHODS 

A. Tests that can be eted clency Tests. 

1. 

2. 
s 

3 .. 
ce 

Fuel 

4. Steam 

B. Tests that can be ed Tests. 

1. Soot 

2. 
a. at Gas Outlet 
b. at Gas Outlet 
c. 

3. 

b 

4. Water Flows 

5. Steam 

6. Flue Gas 
a. 
b. 

Close Platen or Pendant 

7. Boil 
a. Rat 
h. at Reduced Pressure 

8. Boiler liary Elect cal Power 

I 1 1 1 



C. 

D. 

-

Tests that ean 

1 ler Runback 

2 ler Pressure 

3 Plasma Torches 

4. Inert 

5. Ductwork Insulat 

Test Methods 

A.l.a. 

A.I.b. 

A.2.a. 

A.2.b. 

A.3.a. 

A.3.b. 

A.3.e. 

A.3.d. 

A.3.e. 

a1 , correct coal alr 

iei Tests. 

ion 

from each 
sound pressur,e level {C scale
motors 1,000 HP and 

measured on the 

ASME PTC 4.2 

ASME PTC 4.2 

temperature, 

5.4.1. 

e 
excess 

verizers at 
capaci , and no 

1 



A.3.f. 

A.4 

B.l 

B.2.a. 

B.2.b. 

B.2.c. 

B.3.a. 

B.3.b. 

B.4 

B.s 

B.6.a. 

fuel. 

from 

reheat· are 

soot bl e two 
test run. No 

hour t run. 

boiler 

connect 

-t. measured 
et test connect , with 

than 27 from B.2.a. above not 

ASHE PTC 4.3 

s 

Measured 
ets of 

7.03 and 7.13. 

r heater flue gas outlets side 

between the steam and 
connection, and between 

tter. 
station 

should be 

Correct 

Reheat spray 
tter. Gas 

ted 

calibrated 
tters 

team drum, 
ter outlet 

and outlet 
1 be made, 

station 
flow nozzl and 

and excess 

IPse to propose method. 

Measured mul d 
calibrated electronic gas 

1 1 1 



1. 

2. 

E. 

1. 

Sieve 

Sieve 

a 

ow 
ssure 
air 

zer can 

F. 
( 
1 

a 

zer s 
an 
7 

air ower in service, 
's, a 

unit i 

of 1 

air 

s 

i 

1 

1 i 

8.3 
is 

8.3 

air 

zers, 7 

5 

11 

of 

1 

it ions on i1 er rmance 
IS: 

r 

51 air he rs 
r IlIi a gas 

the 

"i r enteri gas lea\l 

s of er 
~ 

1 



-5-

2 Air 

1 air s1 of a a 
a gas 

ow 
s 

12. i 

F. 

1. in ue 

6 
thru 

a. 
11 

1 11ion 

(usi 

b. d re 
only, 

11 
1 11ion J 1 

(us; Iii IV) • 

F, , is wei 
usi s s A G. 

fi 

.. -

1 1 



II. 

G 

It is 

on 

r 

2. st 

gre 

on a 

res t 

ov/ers I 

1 

ieve said 

avi t 

1 

; 

consi 

i 

r 

1 1 

6 

zer: 

1 eavi 

ion 

as 

1 

Y 

s, 

a 
once 

'$ 

in vision 

e 

as a 

no cause 
r 

11 

s, 

1 

es 21.2 

i1 

1 

res of 

il ure 

ion or 

.-

I 1 



7. 

B. 

9. 

exces at r gas outlet shall be 

27 

average dust gas zer 

1 not 

, based on a soot 

24 hour 

once per 8 hour 

ft. 

The 

a gas 

water. 

gas 

water. 

t 

ASME 

pressure 

pressure 

PTe 4.3. 

from the to 

,000 

gas s 

r 

the 

hour th 

the 

gas 

does not exceed 37. of 

from the r to the gas s 

1 not exceed 3 ,000 

per hour, 

between 

heater does not exceed 

1 accordance th 

of the 

per 

the 

and gas 

th 

of 

Heater Test Code 

10. When ,000 • per hour of 

total moisture not 

s 11 not be less than 

eve and not s than 70 

total power to the 

not 

o. 
( 1200) 

0.80, and an assumed motor 

7 , 7 

th two s 

5 

a power 

USS 

and 

of not 1 s 

West 

motors, 2 trom 

1 1 1 



7. 

8. 

9. 

10. 

boiler 1 be des to reduce to a load not 

i any load greater 50 

not s 5 

use of 

2, 

The gas s and the 

outlet be not more wg at MCR. 

Art 

The gas close space or 

than 1, F at MCR. The gas 

, as 

1 be the 

ler 

reserves 

any 

ash .. 

to the 

a 

1 be used 

and 

Subart le 12.3 

measured 

e 

sted 

, and th 

However, when coal 

Reserve F 

• The 

Contractor 

be used Owner for 

See at 

10 

from 

(HVT) , 

c1e 2, 

th all rements of 

from any of the 

content to 4.5 

Reserve F is 

or 

coal Reserve B 

Document. 

red 

Reserve B 11 

tests of boiler 

Art 3, G3-6 

,,-



ect to raw coal so that all 11 pass 

, the zer motor at 

RPM, and ied on the 

Sheet Contractor makes the on the 

sped ed 

1. The zer can be at a capaci of lbs per hour 

the coal, 

s of not less a 200 USS 

and a 50 USS S sture 

the coal does not exceed 8 3 and the of the 

is not s than F. 

2. When 687,000 lbs per hour of the 48 

total sture not 8.3 , the 

swill not 1 s than 50 USS eve and not 

les than 70 200 USS S and the total power to the 

fans, , and 

not less than o. , and an assumed 

motor of not less than O. th 7 ck 

(23120D) fans th two 

motors, 2 trom (24-1 1/2 

heaters, and 

, total power not exceed 5, KW's, when at a 

of RPM. 

tests on 1 be accordance th 

Test Code ASHE - PTC 4.2. 

Based on the unit th specif 

the other t shown on Boiler Performance 

Sheet 10-0-lS: 

7 

A-

1 



1. 

2. 

1. 

Heaters. The 1 from the 

11 not exceed 163,000 of 

972,000 per hour, 

between the and gas 

does not exceed .3 of water. 

Heaters. The 1 from the 

the heaters 11 not exceed 314,000 

r to the gas s of the 

r per hour th a gas 

the total pressure 

the r heater 

r to the gas s of 

th a of r hour 

gas flow 

pressure 

of 6,269,000 

between the 

per hour, the total 

r and gas the 

does not exceed 12.85 of water. 

Test be accordance th r Heater Test Code ASME 

PTC 4.3. 

r 

When the steam t is 

accordance 

10-0-1S and 

the summary sheet 

coals A G ( 

Contractor makes the fol 

a. The 

per 

concentrat 

11 

and the 

Stu heat 

MCR 

the Boiler 

t , and when f 

fuel or any of the other f 

G3-6 thru G3-12), the 

the flue gases at 

from fuel 

po between 

1 not exceed 0.55 

HHV). 

b. Should the Owner elect to fire coal 

between 

, the 

concentrat 

outlet and the 

1 Stu 

the flue gases at a 

11 not exceed 0.50 Ibs per 

from fuel HHV) • 

8 

1 1 
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A. 

on iler 

6,1 1 . (no auxili 
s r 

1 9 psig 

in ion: 

l. e ci unit 11 1 ess an 

'\ 
t. 

'- ' 

2. 1 eavi er will 

;f us or minus lO°F. 

3. leavi re 
11 1 .. F. 

4. steam iler 

's s s l' 1 

psi. ( ow) • 

5. steam t 

's n s wi 11 2S psi. 

( ow. ) 

6. pressure zer, { 

valves, or st ic 11 not psi. 

I 1 1 
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" -2-

7. s con in 1 eavi i1 er 11 noL 

exce O. ids t c ions) with 
1 itions: 

iler i 

ori ion ion 2 

iler 10.0 

are maximum ues 
are 

i I ions 11 er 
i 

s is usive v s s 11 i ca 

over e 

11-1 am ow 1 s 
sure. 

"-
8. res; r ; 

11 
res air 

11 

9. es i 

5, 1 

of or less, 1 

are in service. 

10. it ies er 
con 0 (zero) 1 

is of or less, 1 are 
in service. 

" 

1 1 
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1. 

E. 

1. 

ow 
sure 
air 

zer can 

unit 

IS: 

r 

itions 

a of 1 

on i1 er 

1 

Hi 

rmance 

s si 
air 

t air he 

hour, provi 
"ir enteri 

vJl th a gas 

gas leavl 
.:., i .3 s of er. 

1 1 
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2. Air 

1 t air si a a 
will not s 

ow 
s 

1 eavi 12. ; of er. 

F 

1. s Ni in ue 

1 
1 wi 

in 

or 
'\ c -6 

"- 1 

a. fnt 

11 
1 11ion i 

(us; 

b. d re 
in 

zer 11 
1 1110n 

(us; flllV) • 

F, , is wei 
usi s A G. 

fi 
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1 

as 
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" ieve said I 1 

in 1 1 Y 

e 

s, 

zero 

a 
once 

'$ 

in vision 

e 
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no cause of 
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1 no 1 

11 
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es 21.2 

1 

1 

ilure 
ion or 

1 1 



,. 

g 
i ... 
::I 
~ 
~ 

~ 
--I 
-E 

1 1 



A. GENERAL 

POWER PROJECT 
UNIT 1 

STEAM GENERATOR ACCEPTANCE 

1. Performance test for boiler 

basi the 

PTC 4.1, 

ASHE PTC 4.1 

3.01.01.1 

3.01.01.2 

3.01.01.3 

loss method 

below. 

General, method 1 
loss 

No 1 

No s 1 

1 be made on the 

accordance 

be the 
method. 

be measured. 

be ass 

3.01.01.4 Carbon losses 1 be 

3.01.01.5 As heat losses 

(a) Sens heat 

(b) to 

(e) 

3.01.01.6 

3.01. 

3.01. test 

1 

be: 

ash. 

t. 

shall 

or 
be corrected to the 

red. 

1 be 

1 

ASHE 



ASME PTC 4.1 

3.01.07 

3 01.10 

3.01.13 

3.01.14 

3.01.15 

1 

Fuel 

is 
standards. 

Test results shall 
from test observat 
correct cal 

be one 
shall be 

to be made for 

Art 9., 9.2 

eye 

4.1. 

eved 

from 
be 

G1-7 and 

1 be based on the ASME Steam es 

2 

1 



2. 

3. 

4. 

The term 

tions: 

Steam at 

. . 
, F 

Pressure, ps 

Steam at 

1 shall be the 

outlet: 

«& .. .. .. · . . .. .. .. '* .. · . • 6, 
If ., IIiII .. · . . .. .. II1II .. .. .. .. · . . 
.. .. .. .. .. .. .. .. «& .. .. .. • .. .. .. .. 

,000 

1,005 

2,5 

. . 
, F 

Pressure, ps 

.. .. . .. .. .. 

.. .. .. .. . .. .. 
· .. '" . .. 
II1II .. it .. • 

• • 5,000,000 

620 

.. .. .. .. .. .. .. .. .. • .. • lit • 5 

Steam at reheater outlet, F · · · . 1,005 

Feedwater to F . • · • · • 
spray water , F • • · . · · · 

to fans, F • · . . • • . · • · · • · 60 

Article 2. , G3-2, 

All ent those used 

, shall be based on an of 60 F and 

(0.0067 of moisture per 

) . 

Test 

gas 

Test 

New 

is for Gas 

i 

lected and 

and Procedures 

s: 

Art 2. , 

is to be det 

accordance 

E.P.A. 

Stat Sources, i December 

ster, Volume 36, No. 247, Part II. 

71, 

3 

G3-2 

from flue 

60.46, 

for 

1 



""-

Heat , expressed Btu per hour, table fuel 

flow meters 1 be confirmed mat ance over the steam 

accordance th ASME Power Test code 4.1. Also, 

the gas as Method I the E.P.A. 

Standards be accordance th the AS ME Power Test 

Code 4.1. gas flow rate 

the and heat the AS ME Power Test 

Code 4.1 is s measurement of values 

is very icult. 

content of the sol 1 to be based on es 

taken 

des 

B. GUARANTEES 

1. The 

the 

ASTM 

test and 

cat D-27 

2. sure loss 

furnace 1 be 5.2 

3. The pressure 5 from the 

gas outlet 

4. 

the method as 

1 be .57 

of 

water. 

to the heater flue 

water. 

stat the 

Owner's connect and the team drum 1 be 

i. 

5. pressure between steam drum and the 

Owner's connect be psi. 

6. The steam pressure between Owner's connect to 

reheater and outlet shall be pSl. 

4 

1 1 



7. 

8. 

9. 

10. 

The excess r at the heater gas outlet shall be 

27 

The average dust flue gas zer 

shall not be than 6.44 a hour 

ad, based on a soot of once per 8 hour 

ft. 

The from r to the 

r 1 not exceed ,000 per hour th 

a gas flow 

to pressure 

the 

water. 

The 

r heaters 

gas flow 

pressure 

1 

water. 

t 

ASME - PTe 4.3. 

s 

eve and not 

power to 

rheaters, and 

per hour, 

between the r 

does not exceed 

from the r to gas s 

1 not exceed 314,000 

,000 per hour, 

the 

and gas 

37. 

of the 

per hour 

the 

and gas 

of 

th 

does not exceed 12. of 

,000 

th 

11 not be 

the 

• per hour of the 

sture not 

Heater Tes Code 

USS 

and 

not s o. , and an assumed motor 

tor 

of not less 

o. , 7 , 2 West e 

(231200) r th two motors, 2 tram 

5 

1 1 



11. 

(24-1/2 VI-44) and 2 

r heaters, and 1 

not exceed 5, 

t of 

th 

RPM. 

spray water 

are 

(33-1/2 VI-64) 

blower ce, 11 

r at a 

is F or less and 1 

spray water flow 

control at any under state 

12. 

1 not exceed ,000 

spray water 

are 

for reheater steam 

stated 1 be 0 (zero) 

13. All to 

130,300 lbs 

USS 

exceed 8.3 

is 

70 

USS 

exceed 8.3 

are 

when 

coal, 

a 200 USS 

that 

and the 

s than F. 

to 

a 200 USS 

that 

tests on 

Test Code ASME-PTC 4.2. 

6 

F or sand 1 

spray water 

any under 

at of 

s of not les 

a 

coal does not 

the 

at the capaci of 

to a 

eve and 

sture 

1 be 

not less 

a 

coal does not 

th 

1 



15. The average 

shall be 

The average 

be F, 

17. The average 

exceed O. 

t 

Total 

Ch1 

leI' 

When the 

specif 

at a po 

shall not 

When f 

sol 

ppm 

ler 

water 

ler is 

between 

the steam 

10 F. 

the steam 

10 F. 

content in steam 

the 

water ppm 

coneentrat 2 ppm 

10.0 

at normal 

concentrat 

the zer outlet and 

0. per 11 BTU 

, the 

the 

the shall 

the boiler shall not 

ler water 

up to the 

flue gases 

the heater. 

from (us 

concentrat 

gases at a between out 

11 

and the 

BTU 

and 

ieat 

1 

Subart 

1 not exceed O. per 

, blowers, and 1 motors 1,000 HP 

th the 

21.2 and 

7 

se level set 

.10 of the contract 

1 1 



C. SPECIFICATION 

1. The boil 

cant 

Cant 

Steam at 

Flow, 

Steam at 

Flow, 1 

Steam 

Feedwater 

1 be des 

fol 

outlet: 

,. .. .. .. 
, F 

outlet: 

.. .. .. . 
• . . 

at 

to 

and 

as 

• ••••••••• 6,600,000 

.. .. .. .. .. .. .. . .. .. 

.. fill .. .. · .. .. .. .. 
1,005 

2,640 

· . .. 11 .. .. • • • .S,500,000 

· • . . • · • · · . 1, 

, F · . • · • 1,100 

zer, F • · · · • 55S 

Art e 2, , G3-4 

2. 1 be met that the 

constant pressure mode, the pressure mode, and 

pressure modes. In pressure mode 

psig to 

pressure 11 be 

ps 

to 100 

pressure mode of 

range of 25 

In 

pressure 11 

and constant sure 

e pressure 

able 

pressure and constant pressure modes of 

cal pressure mode of 

outlet pressure 11 be 

8 

a 

may be used, 

ps at 25 

1 1 



of 

of 

pressure above 

3. The 

rates and 

but 

4. The 

1 

5. 

6. 

purposes 

gas 

to ,5 ps at 68 

and at constant 

Arti e 1, 

1 be met that ler at flow 

listed for i 

ssure to that 

out pressure is not 2, pSlg. 

Article 1, G3-1 

shall be met that gas 

shall be 280 F + 10 F, corrected r 

coal. For the 

and eff , a flue 

280 F r heater shall be used. 

Art Ie 1, G3-2 

be des for a reheater pressure of not s 

pressure of the steam at 

at 

Article 1, G3-2 

be des so that can at not 

i th any one r 

fan, or out of 

Art 2, 

9 

1 1 



7. 

8. 

10. 

er shall be des to 

of 

valves, t 

emental fuel. 

gas s pressure 

outlet 1 be not 

ler 1 be of 

reduce load to 

any 

rate of not 

zers, and 

e 2, 

between the 

more than 12 

Art 

Art 2, 

load not er 

than SO 

5 

the use of 

and the 

wg at MCR. 

G3-5 

, G3-6 

rements of 

from any of the 

coal reserves listed s Article, or 

, and 

coal ash. However, 

to , Coal Reserve F 

content to 4.5 

Reserve F is 

11 not exceed 

is of coal 

the Contractor for 

and for 

.3 of the Execut 

Owner for 

See 

10 

Document. Reserve B 

boiler 

e 3, 

1 

B 

11 

1 1 



11. The Contractor 

reheat steam t 

In to 

1 

to 

spray. 

the 

sh 

constant 

necessary 

to 

1, 

to 

F 

control 

steam and 

of 

use of reheat 

steam 

Contractor 1 spray ing 

the 

team for 

There 1 be no more 

between the connect 

The 

of 

12. The 

not more 

and 

1 t 

t 

of 

Art 

steam I 

1 

ion. 

team 

be less than 

at loads above 15 

4, G3-

F 

drum shall be 

1 steam flows 

and 1 pressures. The concentrat sol 

1 

the 

th no ler water 1 be 

oil or matter 

Art 7, G3-17 

TEST PROCEDURE FOR SOLIDS IN STEAM, Item 3 under 

for Guaranteed and 

Tab B&W 

11 

1 1 



COAL RESERVE _:.:.-_ 

&. rlceiv.d. diluted 

Moisture 
Ash 
Vo:'a:ile 
Fixed Carbon 
Btu 

Fluid 

Caroon 

Ash 

basb 

Moi.ture 

Phos. • .20S 
Silica, Si02 
Ferric oxide Fe203 
Alumina, 
Tit::ania. Ti02 
l.ime, CaO 

i4, 
trioxide. 503 

Potassium oxide. K20 
Sodium oxide. Na20 

Index 

ba.i •• undiluted 

diluted where 

Lbs Ash/MY.Btu 
Base/Acid 

It.. 

E: ?C 
~( 

S 

1 
1 ( 

1 
o. 

0 
:t' b , 

1 
1 Cl 

I 1 1 



COAL RESERVE: _.ii-_ 

as rec.ived, diluted 

~ci'ture 
Ash 
Volnil. 
Fixed Carbon 
Btu 

~~~~~~. undiluted 

basis 

Moisture 

undiluted 

R.duc 
1.0. 
li-W 

I.D. 
n-\.1 

Carbon 

Sulfur 
Ash 

Pho!. • P20S 
Silica, Si02 
Ferric oxide F.203 
Alumina. 
Titania, Ti02 
Lime. CaO 

. 503 
Pocassium oxide, K20 
Sodi~~ oxid •• Na20 
Undetermined 
Free Swell Index 

b.si., undilu:ed 

diluted where 

Los 

Si02 + A1203/HMBtu 
+ 

indic.te .n absolute maximum of 
5.1 percent. 

1'3 

1 0 
62 

1 

, G* 
U 

j " 

I 1 1 ....... --.. 



COAL RESE:R.vt 

.1 received, diluted 

Moisture 
Ash 
Volatile 
Fixed Carbon 
Btu 

.~~~~~~. undiluted 

Sulfur Forms. basb 

Carbon 

Sulfur 
Ash 

Moisture 
ty 

undiluted 

diluted 

b •• 1., undiluted 

Phos. 
Silica, 
Ferric 
Alumina, 
Titania, Ti02 
Lime, C.O 

Potass1Ut1'1 
SodiUtl'l , 
Undetermined 
Free Index 

dlluud when 

II.{ 
, . 

1 1 



COAl. RtSERVI 

~~~~~~~~. as received, diluted 

l'1oi&:ure 
Ash 
Volatile 
Fixed Carbon 
Btu 

-----;;;.,;;;;.;;;.,;:;;.;;.;..;;;.;;...;;.;;;. . undiluted 

Sulf\!r Forms, basis 

1.D. 
H-W 

Carbon 

Sulfur 
Ash 

Moisture 

Phos. , P20S 
Silica. Si02 
Ferric oxide Fe203 
Alumina, 
Ti :ania. 
Lime. CaO 

. 503 
ium oxide. K20 
oxide, Na20 

Undetc!n:'Iined 
Free Index 

baais, undiluted 

diluted where 

Lbs Aah/MMBtu 
Base/Acid 
Na20/MMBtu 

/CaO 
+ A1203/'MMBtu 

Ya203 + CaO 
Si02 X Ash 
M &. A Btu 

indicate an ab.olute maximum of 
5.1 percent. 

2520 

I 1 1 



M('Ii!lturr 
Ash 
Volatile 
Fixed Carbon 
Btu 

~~~~~~' undiluted 

Sulfur Forns, basis 

Hoilt:ure 

undiluted 

Carbon 

Sulfur 

COAl. i.tStRVE: ...:._ 

basis, undiluted 

Alun:ina, 
Titania, 'ri02 
Ume, CaO 

• Mr;O 

• P20S 

Fe203 

trioxide. 
Potassium oxide. 
Sodi\.1m oxide, 
Undetermined 
Free Index 

~~~~~~~~, diluted where 

Lbs Ash/MMBtu 

ICaO 
+ A1203/HHBtu 

Fe203 + CaO 
X Ash 

A Btu 
indicate an absolute maxiaum of 
5.1 percent. 

cal 

) 1 4 11 ~, 

1 ... & 

2270 
2290 

o 30 

ll.02 

I 1 1 



COAL RESERVE _.;;..._ 

~~~~~~~~. a. r.c.1v.~. dilutee 

Moheu:,. 
Ash 
Volatile 
fixed Carbon 
Btu 

Sulfl.lr forms. basi. 

I.D. 
H-\o: 

1.D. 
H-W 

Carbon 

Sulfur 
Asl:: 

Moisture 

Phos. , P205 
Silica, 
Ferric oxide F.203 
A::'umina. 
Titania, Ti02 
Urne. CaO 

i.l. 
trioxide. 

Potas s iwr. oxide. 
Sodium oxid., Na20 
Undetermined 
Free Swell Index 

basil, undiluted 

~~~~~~~~. diluted where 

Lb. 

IMMBtu 

13. 0 

1 1 



COAL RESERVE C 

•• receivad, diluted 

Moisture 
Ash 
Volatile 
Fixed Carbon 
Btu 

~~~~~~, undiluted 

Sulfur 

I D. 
H-\.I 

1.0. 
H-W 

Carbon 

Sulfur 
Ash 

'basia 

Moistur. 

undiluted 

ba.i., undilut.d 

Phos. , 1205 
Silica. 
Ferric oxide Fe203 
Alumina, 
Titania, 
Ume, CaO 

i., 
trioxide, 503 

Potassium oxide, K20 
Sodium oxide, Na20 

·Undetemined 
Free Swell Index 

______ ~~~~~, diluted where 

Lbs Aah/MMBtu 
Bas./Acid 
Na20/MMp',::u 
Fe203/CaO 
5102 + A1203/MMBtu 

+ CiiO 
S X A.h 
M 6. A Btu 

lIIIaxiurua of 

6 oS 

63.40 
4.32 

S.7 7.1 
20.S 

2460 
2::140 
2620 

67.4 
" ,:)..: 

JI 

:/: 



1 1 



67-PEM-14, at the and D. L. Bernhard, AS ME Publ 

ASME Plant. and Ma Conference, Detroit, 

1 10 12, 7 ( so ished 

IRD "llC'~U"Uld 

The des 

is, Inc., 6 Huntley Road, Columbus, ) . 
resonant s shall be not I s than above 

the 

resonant s 

but 

ion. The 

of the as 

as that s 

rotor, 

to 

the natural the s system of 

rotor, 

Rotor t 

s 

reI 

cant 

at 

the 

responsi 

1 and , but 

the concrete foundat 

of each fan shall not exceed ,000 All fan 

25,000 shall be stress 

I of 

t block 

and shall be table for sudden 

1 have no 

curve and shall a 

stic. If 

sound level 1 not exceed dB measured 

from fan If the fan les 

rements, the Owner 11 be 

for OSHA 

Article 21.2, G3-44 

20 

1 1 1 



17. 

"""-
ion. 

shall 

's 

18. The ler 

icable 

Each 

r 1 be as necessary proper boiler 

ce 

be to 

up to not less 

th the speci coals. Test 

of th silencers shall be 

not less than 

not s for static 

pressure, and not s than F for at the 

t 

to 

for of the coals. 

Arti 21.9, 

1 the best e 

and be to 

t 

lut 

, 
, unburned carbon, and 

, ash 

to be 

, carbon 

iculates. 

not cause 

) to be 

D. 

11 

accordance 

ssion 1 

range for all 

21 

th 

s (expressed as 

the atmos 

1 e 

1 be 

s 

at a rate 

ss 

of 

all 

1 1 



Contractor 1 1 neces to Boiler 
t at s own expense, ch may be 

ion s the agencies on 
the date of the contract. 

Arti 30. , , G3-71 

22 

1 1 



A. 

6,1 

s 

e er in 1 
6 of 

1. e ci 

. 
-310 0 IS 

{no auxil i 

am itions of 5, 
7 mill s in ion: 

of unit will 

1\ 

i 

on 11 er 
of 

1 9 ;9 

less an 

1 1 



2 

7 • e ave c s ids con t in s am lcavi 11 er \..ti 11 not 

exc O. ( solids an s cific ions) \'1 i t h 

1 i1 er itions: 

i1 er ids 

ori ion ion 2 

11 er er 10.0 

are maximum ues 
i are 

r 

Ins ions iler r 

1 



maximum 

5, 

c. 

ecifi 
t itions s 

-310-0-1S 
3, main s ow 

1. am leavi 

11 nus 10°F. 

2. rc s lcavi 
1 us or nus of. 

D. 

ect to raw coal so 1 
1- vcr;zer ivi 

t 310-0-1S, s 
s on s ifi 

a 

iler 
11 have a 

ow r 

er 
it ions 

rmance 
iler 

11 

will s t 
0 ra 

e 1 

1 1 

a 



E. 

unit <' r "" 

itions s on iler 

10 0 IS: 

1. r 

e air t gas side a r 

air a gas 

ow en ... tot L 

ssure air cn ri gas 1 ea 'J i 

the air cr 37.3 inc s of 'dater. 

1 



1 1 



1 1 
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INTERMOUNTAIN POWER PROJECT 
UNIT 1 

STEAM GENERATOR ACCEPTANCE 

APPROVED ISSUE: 

A. GENERAL - CONTRACT WORDING RELATED TO TEST METHODS 

1. Performance tests for ler 1 be made on the 

basis of the 

PTC 4.1, 

ASME PTC 4.1 

3.01.01.1 

3.01.01.2 

3.01.01.3 

3.01.01.4 

3.01.01.5 

3.01.01.6 

3.01.03 

3.01.06 

ed heat loss accordance 

f 

General, method 1 be the 
heat loss method. 

No heat 1 be measured. 

No 1 be ass 

Carbon los 1 be 

As heat losses shall be: 

( ) 

(b) 

( ) 

heat the 

to the ash t. 

The (a) and (b) above 1 
not exceed 0.5 

steam 

th ASME 

heater 
f 

or r 
be corrected to the 

The off 
capaci 

1 

test po 

red. 

shall be 

1 1 



ASME PTC 4.1 

3.01.07 

3.01.10 

3.01.13 

3.01.14 

3.01.15 

Performance Calculat 

ished 

Fuel 

i 
standards. 

Test results 
from test 
correct 

between the 

sped 
made 

Art 

be one 
shall be 

from each 

iti 
and stack shall be 10 

9., 9.2 

from 
be 

Gl-7 and Gl-8 

I be based on the AS ME Steam Tables 

2 

1 1 



2. 

3. 

4. 

The term 

tions: 

Steam outlet: 

shall be as the fol 

Flow, .. .. .. .. .. .. .. . . .. .. .. . • 6,100,000 

, F 

Pressure, ps 

Steam at reheater 

Flow, 

" .. .. .. .. .. .. " .. .. .. .. .. .. .. " " 1,005 

2,515 4& • .. • • !Ii .. .. .. .. .. .. .. . .. 

Steam 

, F 

Pressure, ps 

. . . 
.. .. .. .. 11& 

. . . 
.. .. . " " 

.. iIIII • .. .. .. 

.. .. .. . .. .. .. 

at reheater outlet, F . .. .. " 

Feedwater to , F • 

spray water F • 

to , F ,. .. .. . . .. '* • • .. 

Art 

• •• 5,000,000 

620 

· . . 
· . . 

2., 

1,005 

60 

G3-2, G3-3 

All 

cal 

ent those used 1n effic 

, shall be based on an of 60 F and 60 

(0.0067 of sture per of 

) . 
Art 2., G3-2 

Test Basis for Flue Gas s: 

Guaranteed 1S to be from 

gas collected and 1n accordance th 60.46, 

Test Methods Procedures of the E.P.A. Standards of Performance for 

New -Stat Sources, ished December 23, 71, the Federal 

ster, Volume 36, No 247, Part I. 

3 



Heat , expres Stu per hour, 

flow meters shall be confirmed a 

table fuel 

balance over the steam 

the 

system 

c 

Standards shall be 

Code 4.1. 

accordance 

gas flow as 

th ASME Power Test code 4.1. Also, 

Method I of the E.P A. 

accordance th the ASME Power Test 

of the heat gas rate 

the and heat the ASME Power Test 

measurement of these values Code 4.1 is s 

1S very if t. 

The 

taken 

de 

content of the sol fuel is to be based on fuel 

the test and 

ASTM spec cat 

the 

ss 

method as 

1 be 

accordance th 

D-271-70. 

icable s of 40 CFR60 

DA. 

B. GUARANTEES 

other 

P23-310-0-1S at the 

at 

ps 

1. 

2. 

3. 

2,515 ps 

F and 

and 

be 1,005 F, 

The average 

1;005 F, 

tions shown on Boiler 

capaci of 6,100,000 lbs 

th 

of 

er outlet th a 

steam t of 5,000,000 

7 11 

the unit will not be less than 

of the steam 

10 F. 

the 

.57 

on the 

on the 

Sheet 

team) 

and 

11 

of the steam 1 

10 F. 

the reheater 11 be 

or 

4 

1 1 



4. 

5. 

6. 

7. 

8. 

The steam pressure between boiler drum and the Contractor's 

er et s 1 not exceed 160 psi. (See Note 

Below.) 

The steam pressure the reheater between the 

Contractor's and outlet 11 not exceed 25 

(See Note Below.) 

The pressure the zer, (not 

or stat head) 11 not exceed psi. 

The average sol 

exceed 0.08 ppm 

content 

th the fall 

Total ler water sol 

concentrat 

ler water 

water 

steam 1 

ppm. 

2 ppm. 

10.0 

boiler 11 not 

ler water 

values 

psi. 

to i 

stated above are 

for the steam and are not 

to be construed as water treatment speCl lons. Refer to B&W 

Instruct for proper boiler water s. 

steam is exclus of vaporous silica 

carry-over and, unless se , shall be at 

ful flow and at normal water level and drum pressure. 

The average net resistance from the heat~r to the 

resistance 

gas outlet 

1 not exceed 5.2 of 

the furnace 

1 not exceed 7.9 

5 

water. The average net 

t to the 

of water. 

1 

heater 

1 



'--

9. water it steam 

control 11 not exceed 

red for 

,000 lbs that spray water 

is F or less, and all feedwater heaters are in 

ceo 

10. water ities for reheater control 

11 be a (zero) lbs that spray water 

heaters are 

is 

F or less, and all ceo 

11. The exces s 

po 

Steam pressure 

No pressure 

between the Contractor's 

shown on 

a normal capaci 

2,640 ps at 

and reheater steam 

F. 

ler 

the 11 not exceed 27 

is to the Contractor's 

allowance has been made for the size transition 

of 

s and the Owner's pe size. 

Based on the t red th 

and on the other tions 

Sheet 11 have 

6,600,000 steam flow per hour at 

t of 5, ,000 lbs and 5 

Based on the t 

on the 

of 555 F 

ps and 

fired th 

tions 

load shown on 

3, ,000 to 6,600,000 lbs at 

10-0-1S at any s 

steam flow per hour: 

1. 

2. 

The average 

1,005 F, 

The average 

or F. 

of the steam 

10 F. 

steam 

6 

the 11 be 

the reheater 11 be 1, 005 F, 

1 



to raw coal so all 11 pass 

, the zer at 

870 RPM, and the t on the Boiler Performance 

Sheet 10-0-lS, the Contractor makes the fol on the 

specified coal: 

l-

2. 

can be at a 130,300 Ibs per hour 

when f li coal, 

s than 70 a 200 USS 

and a 50 USS Sieve total moisture 

the coal does not exceed 8.3 and the of the 

is not less 450 F. 

When ,000 

coal th total 

11 not be 

less than 70 

seal th a power 

motor iency of not 

per hour of the specified 

moisture not 8.3 

50 USS Sieve 

and the total power 

, and 

o. , and an 

7 

, the 

and not 

to the 

sumed 

ck 

e (231200) fans 

motors, 2 tram (24-1/2 ) and 2 

r , and 1 seal 

, total power 11 not exceed 5, KW's, when at a 

RPM. 

tests on 

Test Code AS ME 

Based on the 

on the other 

Sheet 10-0-IS: 

shall be 

PTC 4.2. 

accordance 

fired th speci 

th 

t shown on ler Performance 

7 

1 1 



1. 

2. 

1. 

Heaters. The 1 from the to the gas s of the 

r heaters 11 not exceed 163,000 r per hour with a gas 

flow of ,000 per hour, the pressure 

fferent between the and gas the heater 

does not exceed 37.3 of water. 

Heaters. The 1 from the ai to the gas s of 

the heaters 11 not exceed 314,000 of per hour th a 

gas flow of 6, ,000 per hour, the total 

pressure between the r and gas the 

does not exceed 12.85 of water. 

Test shall be accordance th Heater Test Code ASME 

PTC 4.3. 

When the team unit l. 

speci MCR capacl. and 

accordance th the the Boiler Performance 

Sheet P23-310-0-1S and truct , and when f 

the summary sheet fuel or any of the other 

coals A G ( G3-6 thru G3-l2), the 

Contractor makes the fol 

a. The concentrat 

zer outlet and 

the flue gases at a po between 

lbs per 11 Stu 

b. Should the Owner elect to fire 

heater 

from fuel 

1 not exceed O. 

HHV) • 

, the 

r 

concentrat 

outlet and the 

the flue gases at a 

coal 

between zer 

11 not exceed 0.50 Ibs per 

11 Btu heat from fuel (us HHV) • 

8 

1 1 



) 
-IrCoal F, when , is not to exceed 50 of a coal 

us any of the other specified coals A G. 

,b'l'As ASTM 

2. When the steam t 

the normal capaci and 

accordance with the 

10-0-lS and 

the 

The average dust the 

6.44 /SCF a 

bl schedule of once per 

th to sound levels, the 

all motors 1,000 and 

th the Contractor's 

forth s G3, Subart 

C. SPECIFICATION 

1. The ler shall be 

rates and 

but 

the out 

, when 

manual, 

21.2 and 

des to 

listed for 

pressure to the 

pressure is 

9 

on the Boiler Performance 

truct and when f 

fuel the Contractor makes the 

1 not be 

based on a soot 

ft. 

shed fans, blowers, and 

ed accordance 

th the level set 

.10 of the specification. 

at flow 

at 

zer reduced such that 

not 

Art 1, G3-1 

1 1 



2. The er 1 be des as The gas 

1 r heater shall be F + 10 F, 

corrected for heater 1 when f 

coal. For the purposes of des and calculat inc 

eff , a flue gas of 280 F the r 

1 be used. 

Article 1, G3-2 

3. The boiler shall be th the feature: 

so that the at not less than 60 

of i th anyone draft fan, or 

fan out of ceo 

Article 2, G3-5 

4. The boiler shall be th the foll feature: 

des to reduce load to a load not 50 of 

1 from any load 

at the rate of not less than 5 

thout lift , without 

the use of 

Art 2, 

5. gas pressure between the furnace and the 

heater outlet 1 be not more than 12 wg at MeR. 

Art 

6. gas close space or 

than 1, F at MeR. The gas 

, as measured (HVT) , 

1 be 

Article 2, G3-5, G3-6 

10 

1 1 



7. There 1 be no more than 20 F fference steam 

8. 

9. 

10. 

102286 

between the connect for the reheater 

The and reheat 

under all t 

of 

The total sol 

not more than 0.08 

of 

shall be less than 

at loads above 15 

Art Ie 4, G3-14 

F 

the steam 1 each drum shall be 

at all steam flows per mill 

and I pressures. The concentrat of sol the 

th no boiler water 11 be 50 s per mill 

I or c matter 

Art le 7, G3-17 

TEST PROCEDURE FOR SOLIDS IN STEAM, tern 3 under 

for Guaranteed and 9-4 

Tab B&W 

The sootblowers when a not more 

than once each boiler surface cleanliness 

such that is cant 

Article .1, 

The t shall be of at any load from 20 

Cant Rat thout 

cant s. 

The Boi t shall be of the 

11 

1 1 1 



11. 

102286 

(a) of 20 of th two 

ceo 

Art 20.1, G3-36 

A fan t shall not have a any than 

1-1 Is, , as measured on the of 

the and motor nor 1 exceed the 

as 

ished 

rotor, 

Rotor t 

s 

re1 

cont 

load 

nonoverl 

shall be 

the 

des 

.on the General Chart 

Tolerances for Industry R. L. Baxter 

67-PEM-14, at 

Conference, Detroit, 

(also ished as Curve 30SD 

Huntley Road, Columbus, 43229). 

shall be not s than 30 above 

of the assembled t. The des 

to the natural 

s system of the rotor, 

shed 

concrete 

as that s to 

s system of 

1 1m, tal, but 

concrete 

of each shall not exceed ,000 All 

than 25,000 1 be stress 

cat Each fan 1 e of 

at any load from of test 

and table for sudden 

shall no 

curve and shall 

stic. If icab1e, fans 

to smoo leI. 

12 

1 1 



'-

12. 

13. 

sound level shall not exceed dB measured 

at a distance of 5 from each et. If the fan ies 

th the 

responsible 

ler 

icable 

foul 

Each 

rements, the Owner be 

for OSHA 

Wi 

be 

th 

t 

to 

of 

shall be 

one 

of 

ion up to not 

of the specif 

1 

Article 21.2, 

as necessary for proper ler 

the 

suf to 

less than 60 

coals. 

Article 21.9, 

the best lable technology 

and shall 

without caus 

Air lut 

be des to 

Boiler t 

, ash 

to be 

, carbon 

, unburned carbon, and s. 

t shall not cause (expressed as 

) to be at a rate 

per Btu heat 

ss 1 tat shall be 1 

range for all S and for all 

zers ion. 

13 

1 1 



The Contractor shall all necessary to the ler 

t at s own expense, may be 

of ss levels the on 

the effect date of the contract. 

Art 30. , G3-70, G3-71 

14 
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" I .' .. .,; 

5' 

to cover a yean. A 

arrange to have a 
visit the where the 
a minimum of three 

of the 

I 1 1 
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1 1 



quarantees 
furn 
Ma 

12 

("-? 1 

I 1 1 
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Ma 

Ma 
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Ma 

Ma 

f 

sure 

at 
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s 
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r 
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p 

Va 

KVA 

•• :II" • ••••••••••••••••••••••• 

••••••••••••••• •• •• • •••••••••••• 

ca 

1 

all 
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Ferric oxide Fe203 
Alumina, 
Titania, Ti02 
Lime, CaO 

Potassium oxide: 
Sodium oxide. Na20 
Undetermined 

-Free Index 

basis, undiluted 

, , 

diluted where 

ICaO 
+ A1203/MMBtu 

Fe20) + CaO . 
Si02 Ash 
M & A Btu 

I i 

W' 
10 
i( 
_0 

n , 
t...7E 

--~. 

LO "i 
:I 

/ 

1 11 



COAL RESERVE 

~~~~~~~~~. as received, diluted 

Moisture 
Ash 
Volatile 
Fixed Carbon 
Btu 

~~~~~~. undiluted 

Sulfur Forms, basis 

Moisture 

undiluted 

1.D. 
H-W 

1.D. 
H-W 

diluted 

Carbon 

Sulfur 
Ash 

Phos. , P205 
Silica, Si02 
Ferric oxide Fe203 
Alumina, 
Titania, Ti02 
Lime, CaO 

, 503 
Potassium oxide, K20 
Sodium oxide, Na20 
Undetermined 
Free Index 

basis, undiluted 

diluted where 

Fe203 
Si02 
M 6: A 

indicate an absolute maximum of 
5.1 percent. 

10 

2335 2145 2520 

!( 5! 

1 11 



COAl. RESERVE --.;.E __ 

as received, diluted 

Moisture 
Ash 
Volatile 
Fixed Carbon 
Btu 

~~~~~~, undiluted 

Sulfur Forms, basis 

undiluted 

1.D. 
H"\.,T 

I D. 
HeW 

diluted 

Carbon 

Sulfur 
Ash 

Phos. , P205 
Silica, 5i02 
Ferric oxide Fe203 
Alumina, 
Titania, Ti02 
l.ime, CaO 

, 
trioxide, S03 

Potassium oxide, K20 
Sodium oxide, Na20 
Undetermined 
Free Index 

basis, undiluted 

diluted where 

ICaO 
5102 + A1203/MMBtu 

+ CaO 
7. Ash 

Btu 
indicate an absolute maximum of 
5.1 percent. 

10.6 11.4 11.8 
12.6 

2270 
2290 

66.67 

0.30 

11.02 
0.5} 

1 11 



COAL RESERVE F 

received, diluted 

Moistu:"e 
Ash 
Volatile 
Fixed Carbon 
Btu 

~ __ ~~~~, undiluted 

Sulfur Forms. basis 

Moisture 

undiluted 

Carbon 

Sulfur 
Ash 

diluted 

Phos. • P205 
Silica. 5i02 
Ferric oxide Fe203 
Alumina. 
Titania, Ti02 
Lime. CaO 

ia, 
, 503 

Potassium oxide, K20 
.Sodium oxide. Na20 

basis, undiluted 

Index 

::~~~~~~~, diluted where 

ICaO 
A1203/MMBtu 

Fe203 + CaO 
5i02 '7. Ash 
M & A Btu 

(;3-12 

" )( 
)( 

It H 
!~,c 

1 



COAL RESERVE G 

as received, diluted 

Moisture 
Ash 
Volatile 
Fixed Carbon 
Btu 

==:...:.;===. undiluted 

Sulfur Forms. basis 

1.D. 
H-W 

I.D. 
H-W 

Carbon 

Sulfur 
Ash 

Moisture 

undiluted 

diluted 

basis, undiluted 

Phos. • P20S 
Silica. Si02 
Ferric oxide Fe203 
Alumina. 
Titania, Ti02 
l.ime. CaO . 

trioxide. S03 
Potassium oxide. K20 
Sodium oxide. Na20 
Undetermined 
Free Index 

diluted where 

ICaO 
+ A1203/MMBtu 

Fe203 + CaO 
Si02 Ash 
M & A Btu 

indicate an absolute maximum of 
5.1 percent. 

G3 13 

5.7 

8.84 
0.12 

7.1 
20~8 
30.6 

2460 

67.4 



396. 

1 

we 

fue at a s 

14 

1 11 

2 

241 

2 

245 

2 
248 

2 
1 

2 

2 

264 
265 

6 

o 



o 

G 21 

1 11 

50B 
9 

510 

12 
513 
514 

515 

517 

519 
o 

521 



.. 

, 

( 

G 22 



( 

G 23 

581 
582 

3 
5 

581 

588 

591 
592 

4 

600 
601 

604 
6 

606 

6 

610 

611 

613 
61" 
615 

616 

617 

1 11 1 



ION 

a manner 
screws. 

• 

1 11 

1 

802 

8 

808 

9 

810 
811 

813 
814 
815 

816 
817 
818 

820 
821 

8 

825 

o 
831 
832 
833 

834 
6 

8 

8 
8 



ION G3 

1 11 

o 

842 

8 

8 
8 
851 

8 

8 
8 

8 
8 

8 
859 

1 

8 

869 
870 

1 
2 
3 



DIVISION 

• 

to 

seat 

a 

31 

1 11 

875 
876 

878 
9 

1 

883 
8 

8 

8 

890 
891 

8 
8 

8 
8 

901 
902 

903 
9 

9 
907 

908 

911 

912 



o 

32 

1 11 

913 

914 
915 

917 

918 

919 

922 

9 
924 
9 

9 

931 

934 
935 
936 

937 

938 

939 
940 

941 

943 
944 

947 



;u .. 

Contractor 

.. . 
or 

( 

G 56 

18 

to 18 

en 

IFA 

a 

1 11 

1825 

1828 

18 
1 
1831 

1 2 

18 

, 8 

1 
1 
1 1 
1842 

, 4 
1 5 

18 

18 
1 

1851 

18 

18 

18 
, 

c 

t 



THE BABCOCK B: V; I LCOX COM? ANY 

IN 

r-r---------------------------------------------------------------

DOWNPASS 
ON BOTH SIDES 

(Cont'd) 

lbs. per hour of the 
coal with total moisture not 8.3 , the fineness will not 

than USS Sieve and not less than 
200 USS Sieve and the total power to the I fans, 

, airheaters and air blower with a power factor not 
, and an assumed motor than I wi th 7 

I 7 Merrick feeders I 2 ) 
motors, 2 ( 

airheaters, and 
power will not exceed KW's, 

fired with the 
conditions shown on DO~~I:' 

Air Heaters 

, Two (2) 1/2 

and on the other 
10-0-1S: 

air to the gas side of the air heaters will not exceed 
per of per hour with a gas flow of, 

the total pressure differential between the air 
air heater does not exceed.3 of water. 

A.O. 

1 8-19-81 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

334-0614 RB-614 

ION SHE 

1 11 



THE BABCOCK 8: WI LCOX COM?ANY 

under this 
to 

shall be limited to the necessary or 
To ~ith this 

be in accordance with til" Heater Test Code ASHE -

This will be in effect for five (5) years from the date of firs-t 
use of the for the intended and to the 1 tems listed in 
our Conditions of Sale, GS-1 dated 1 • 

understood 
air heaters is the sole and 
included herein 
in case of failure to 
or B&W 

the 
of Air 

B&W from Co. 
shall have no cause of 
Preheater Co. 

A.O. 

REL. NO. AND DATE 1 8-19-81 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

334-0614 RB-614 

SUPPL 

1 11 



2-1 

9. 

10. 

1'a. 

THE BABCOCK & WILCOX COMPANY 
FOSSIL POW[R GlN[RATION DIVISI 

IN TI 

Airheater - As Shown on 

The average net resistance from the air heater air inlet to the 
will not exceed 5.2 inches of water. The average net 

from the furnace the unit to the air heater gas 
outlet will not exceed 7.9 inches of water. 

main steam control 
will 
is less, 

that spray water 
feedwater heaters are in service. 

for control will 
that spray water is F or 

, and all feedwater heaters are in service. 

Airheater - As Shown on 10-4:2X 

The excess air the airhe~ters w111 not exceed 

Steam pressure is calculated to the COMPANY'S 
sizes listed in the Section of the 

allowance has been made for the size transition between 
size and the PURCHASER'S size 

on the unit fuel and 
on the other shown on Boiler 

10_0-1S the unit will have a maximum normal 
6, ,000 • of main steam flow per hour at at 
outlet, with a feedwater of of and reheater steam 
conditions of 5, ,000 Ibs./hr. and and F. 

NO. AND DATE l 3 6-14-82 CON TRACT NO. COMP NO. FILE NO. 

A.O. 

8 

~--~----------------------------------------------~----------------------~------~~ ~ 
-.. 

I 1 11 

.... 



'\"."lf111H114Ja nlt.ttl.;QI,. .IIII11J.Ii. aft ••••• ·' • .IItilliI ........ 
till ," .......... 1 •• ,,'ua , Ue.3"" I. I. AllliI'fIIIIIt". 11_ 'lilt 
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8N'-898 

THE BABCOCK Ii WILCOX C()I\I!PANY 

IN 

A. 

fired with the fied performance coal fuel and 
2 on the other shown on Boiler Performance 

5 

Sheet 0-0-IS at of 6,100,000 lbs./hr. 
steam) at 2515 at the outlet with feedwater 
of F and reheater inlet steam conditions of 5,000,000 Ibs./hr. 
ps and F and with 7 mills in 

1 • The 

2. The average 
, F I 

3. The average 
1 F I 

of the unit will not be less than 

of the steam 
or minus 10 F. 

the ter Idll be 

of the steam 
or minus 10 F. 

the reheater will be 

4. The stearn pressure between boiler drum and the COMPANY'S 
outlet terminals will not exceed 1 psi. See Note 

Below. ) 

5. The steam pressure the reheater between the COMPANY'S 
inlet and outlet terminals will not exceed psi. (See Note Below.) 

6 The pressure the economizer, includ valves, or 
static head) will not exceed 25 

7. The average solids content in steam boiler will not exceed 
O. ppm with the maximum boiler water conditions: 

Total boiler water solids 
Chloride ion concentration 

water 

ppm. 
2 ppm 

10.0 

The water conditions stated above are the maximum values to 
for the steam and are not to be construed as 

water treatment spec to B&W Instructions 
for proper boiler water 

REL. NO. AND DATE 1 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

SUPPL AllON SH E FPGD 

1 11 1 



THE BABCOCK & WILCOX COMPANY 
rnSSIL PO~[R Gl~[ TION n VI I 

IN TI 

Airheater As Shown on 31 

The average net resistance from the air heater air inlet to the 
will not exceed 5.2 inches of water. The average net 

resistance from the furnace the unit to the air heater gas 
outlet will not exceed 7.9 inches of water. 

9. water ities for main steam control 
will not exceed ,000 lbs/hr. that spray water 
is F or less, and all feedwater heaters are in service. 

10. for control will 
that spray is F or 

"less, and all feedwater heaters are in service. 

, 1a. Airheater As Shown on 10-o1.2X 

The excess air the airheaters will not exceed 

is calculated to the COMPANY'S terminal 
zes the Section of the No pressure 

allowance has been made for the size transition between the COMPANY'S 
size and the'PURCHASER'S size. 

on the unit 
the other 

with the 
conditions shown on 

fuel and 

1 the unit will have a maximum normal 
• of main steam flow per hour at at 
a feedwater of F and reheater inlet steam 

of 5, ,000 lbs./hr. and and F. 

A.C. 

-----------------------

l 3 6-14-82 CON TRACT NO. COMP NO. F IL E NO. 

~~~~----------------------------------------------~----------------------~--------~~ , .... 

1 11 



c. 

2 

3 

5 

6 

7 

8 
- D. 

9 

10 

THE BABCOCK & WILCOX COMPANY 

Based on the unit 
on the other 

fired with the specified performance coal fuel and 
condi Hons shm·m on Boiler Performance 

Sheet 310-0-18. 

, . 

2. 

1. 

2. 

1 • 

1 • 

The average of the steam the at any 
5 load from 3, ,000 Ibs. of main steam flow per hour to 
6, ,000 Ibs. of main steam flow per hour will be 1 F, plus or 
minus 0 F. 

The average of steam the reheater at 
load from 3, ,000 Ibs. of main steam flow per hour to 6, ,000 
lbs. of main steam flow per hour will be 1005 F, plus or minus 0 F. 

The raw coal shall be 
inch 

The 

Performance tests on 
with the ASME Test Code 

so that all will pass 

motor shall be at 

a 1 

of RPM. 

be in accordance 

conditions specified above and on the Boiler Performance 
10-0-1S ,the COMPANY makes the 

coal: 

coal does not exceed 
air supplied is not less than 

lbs. per hour 
coal, 

200 USS 

11..0 

5 

REL. NO. AND DATE 1 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

SUPPL ION SH FPGD 

1 11 



sow-s 98 

THE BABCOCK II: VII LCOX COM? ANY 

IN 
r-~ _______________________________________________________________________ A.O. 

2 

3 

D. 

2. 

8 

DOWNPASS 
ON BOTH SIDES 

(Cont'd) 

of the 
ooal with 8.3 
less than USS Sieve and 
200 USS Sieve and the total power to the , fans, 

, airheaters and air blower with a power factor not 
, and an assumed motor of not less than. t with 7 

, 7 Merrick feeders, 2 ( 120D) 
motors, 2 ( and 2 

airheaters, and air blower in service 
power will not exceed KW's, a fan shaft of 

, Two (2) 112 

fired with the 
conditions shown on Boiler 

and on the other 
10-0-1S: 

Air Heaters 

air to the gas side of the heaters will not exceed 
of per hour with a gas flow of ,000 
the total between the air 
heater does not exceed .3 inches of water. 

from the air to the gas side of the air heaters will not exceed 
of air per hour with a gas flow of 6, ,000 per 
the total between the air gas 

air heater does not exceed 12. inches of water. 

1 8-19-81 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

334-0614 RB-614 

ION SH E 



BCW-B 98 

THE BABCOCK 8: y: I LCOX COM? ANY 

______________________________________________________________________________ A.O. 

air 
inc 
in 
or 

or 
this 

with Lir Heater Test Code ASHE -

will be in effect for five (5) years from the date of first 
for the intended and to the items listed in 

of Sale, GS-1 ,dated 1 • 

understood and 
he&ters is the sole and 

herein sole as 
of failure to 

B&W but 

on the 
of Air Pre heater Co. and is 

B&W from Air Preheater Co. 
have no cause of 

Preheater Co. 

REL. NO. AND DATE 1 8-19-81 2 2-5-82 COOE NO. COMPONENT NO. CONTRACT NO. 

334-0614 RB-614 

SUPPL ION SH E 

I 1 11 



£0,,-896 

THE BABCOCK & WILCOX COMPANY 

IN 
r-~ ______________________ ~ ________________________________________ A.O. 

Test Basi for Flue Gas Contaminants: 

matter emission is to be flue 

gas 
.46, Test 

Performance 
in the Federal 

and in accordance 
and Procedures of the E.P.A. Standards of 

Sources, 
ter, Volume ,No. 

December 
II. 

Heat I in Btu per hour, suitable fuel 

1 , 

flow meters shall be confirmed a material balance over the steam 
in accordance with ASHE Power Test Code 4.1. Also, 

the volumetric flue gas flow as determined Method of the E.P.A. 
Standards shall be confirmed in accordance with the ASME Power Test 
Code 4.1. Confirmation of the heat and flue gas flow rate 
the material and heat balance method set forth in the ASME Power Test 
Code 4.1 is since direct measurement of these values 
1s very difficult. 

The n1 content of the solid fuel is to be based on fuel 
taken the NOx the Idahl method as 
described in ASTM 

Oxides of in the Flue Gas: 

the unit is at al normal loads up to 
and in accordance with the information 

Performance Sheet 10-o-1S and 
instructions, and when the summary sheet 

coal fuel or any of the other coals A G 
2010 12), the COMPANY makes the 

a. The NOx in the flue gases at a between 
outlet and the air heater inlet will not exceed • 

Ibs. per million Btu heat from fuel HHV). 

b. Should the elect to fire 
the NOx in the flue gases at a 
economizer outlet and the air heater inlet will 

coal 
between 

not exceed • 
HHV) • Ibs. per million Btu heat from fuel (us 

F, when fired, is not to exceed of a coal mixture 
any of the other coals 

defined ASTM 

REL. NO. AND DATE 1 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

SUPPL AriON SHE 



THE BABCOCK & WILCOX COMPANY 

r-~ __________________________________________________________________________ A.O. 

'h'hen the steam 
the 

Performance 
instructions and when 

fuel the COMPANY makes the 

The average dust load 
than 6. ISCF 

at all normal loads up to 
with the information 

1 and 
specified 

will not be 
based on a soot 

NOISE CONTROL 

The COMPANY has included a noise control 
in its scope of 5 The COMPANY makes 

1 • With to 
all motors 1000 
accordance with 
level set forth 

sound levels, the 
and , when 

the COMPANY'S 
serviced and 

manual, shall 
.10 of the in Subarticles 21.2 and 

blowers and 
in 

the 

the event the the Seller is found not to be 
with Subarticles 21.2 and ,10, the COMPANY'S sale 

and the PURCHASER'S exclusive with 
shall to the cost of or 

modification of the so that it will 

REl. NO. AND DATE 1 2 2-5-82 CODE NO. COMPONENT NO. CONTRACT NO. 

SUPPL 

1 11 



BDW-B98 

THE BABCOCK & WILCOX COMPANY 

IN 

I. Oil 

"Based on in accordance with 
2 instructions and 

start up, the COMPANY 
air is available 

red to 
at 
the 

unit to full boiler load with 7 in service as follows: 

Base 

A. Cold Start 

Total 
start 

B. Hot Start 

Total oil 
start up time of 

will not exceed 5000 
off to 

will not exceed 
hour from off 

on a normal 

10ns based on a normal 
load. 

accordance with 
air 1s available at 

torch will 

COMPANY further that additional 
into stable on coal uti 

No. 2 fuel oil and that full boiler load 
service uti not more than 

groups can 
than 100 

attained with 
of No. 2 fuel 

11..0. 

--1---1 

12 

12 

12 

12 

12 

12 

12 

2 

2 3-25-83 CODE NO. COMPONENT NO. CONTRACT NO. 

SHE 

1 11 



( 

POlimR PROJ BeT 
UNIT NO. 1 RB-614 

tes were conducted on Unit No. 1 from June 22 
The purpose of the tests was to was to determine 

, air heatal" and air heatel.' The tp-st method ~.Jas 

Air Preheater Co. and consisted of point traverses for 
, templ1!rature, le at the economi.zc:T gas oullet, 

house inlet, and eas inlets and air outlets, 
air heater gas outlet, and air. D~nver Service was 

contracted IPP to conduct the tests. The tests were witnessed Air 
Preheater Co. 

On , Jun@ tests were conducted to obtain i 
data ~'I1ith an upper mill out. of service. Data was collected with bal':l11cnd 
fi ,normal air to t.he idle burnel- e.r£> 
biased up \dth air and biaSed up with reduead 
1;001 air. 

The test resu1t.s are summarized on Table I. The conclusions are. 

1. The average corrected to conditions was 88.61 , 

2. 

3. 

when corrected to contract: conditions versus -el,€! guarantaa value of 
88.57 %. 

to 
wi 

t.otal value was 461 

less 
the test t.olerances. 

versus a guarantee of 

and 

air heaters was on the order 

6 

4. The gas 
of 65 F 
on 

translates to 6 to 7 F 

5. 

economizer 

10 % of the gas 

the air heaters {exclud 
house, corrected to contract conditions is 

thirds of this is due. to poorer 
and one third due to hi than 

The addition of 
is expected to redlJce ec.onomizer gas outlet:: 

d. 

6, With the upper rear wall burners Ollt. of service, 
biased towa"):-d the upper burners and reduced cool air to 

the idle compartment, and reheat temperatures were 1008 ~nd 
1013 respective with 22 % excess air. Steam cure would be 
e:xpected to be within guarantee with 17 % excesS air (contract), 

TCH·OB0587 -1--

1 11 



AIR 

EFFICIENCY, % 

CORRECTED 

AH LEAKAGE, 
TOTAL 
PRIMARY 
S,t;c.;ONDARY (BY 

AIR TEMP ENT AIR HEATERS, F 

GAS 

GAS 

GAS 

TEST 
CORRECTED 

SECONDARY TEST 

TEMP LVG p.Jl'S (EXCL L.l<G) I F 
EXPECTED I CONDITIONS) 
TEST 
CORRECTED-

TEMP LVG F 

TEST 

TEMP LVG SEC AH (EXCL , F 
CONDITIONS) 

TEST 

and measured 

FIRING, NORM COOLING 
BIAS UP, NOlt"l COOLING 
BIAS ,MIN COOLING 

TABLE I 

7 7 

.53 88.51 
88.60 88.62 

477 446 430 508 
163 266 176 120 
314 180 254 388 

114 114 
77 77 77 

90 91 
64 64 64 

~C'l' 

.~ .. 1 318 
333 331 

295 31-4 

2 2611 
33/" 330 

313 310 

3') ,-LO 324 
332 331 

314 

air flow from 

1 11 



EFFICIENCY, % 

TOTAL 
PRIMARY 
SEc..:OWJA..I{'t {BY 

AIR 

TEMP ~~ AIR HEATERS, F 
TEST 
CORRECTED 

SECONDARY TEST 
SECONDARY CORRECTED 

n:MPERATURES 
BAl..tu"WED FIRH;:G, COOLING 
BIAS UP, COOLING 
BIAS • MIN COOLING 

TABLE I 

88. 

77 

64 

3 

446 
266 
180 

88 53 
88.60 

430 
176 
254 

77 

90 
64 

7 

I 1 

88.51 
88.62 

508 
120 
388 

1 
77 

91 
64 

11 1 



'-- TEST 
NO 

GUAR 

llA 

13A 

14A 

15A 

17A 

18A 

(1) 
(2 
(3 

(1) 
EFF 

% 

88.57 

87.99 

88.20 

88.41 

88.40 

88.49 

87.54 

88.34 

88.26 

TCH-04l087 

EFFICIENCY SUMMARY 

(2) (3) 
MILL 5TM EXCESS AH GAS OUT TEMP ECON GAS ECON GAS 

OUT TEMP AIR LKG OUT TEMP OUT TEMP 

ONE 1005 17 295 736 

D 1005 28.6 298 317 759 740 

H 1005 25.9 299 762 740 

H 959 24.4 293 309 742 721 

E 959 25.1 291 306 740 722 

F 1005 17.0 297 316 753 734 

E 1005 .3 300 744 

B 1005 17.0 325 759 740 

B 1005 17.0 304 327 752 738 

corrected to contract conditions 
outlet corrected to contract air 

ted economizer exit with sootblowers 

4 

1 



DATA SUt1l1AR'r 8+1'4 CONTR. NO. R8614 

DUI~NII::KO> our OF SERVICE 

AIR 

GAS 

AIR 

IN 

UNITS 

tt4 

HLB/HR 

HlB/HR 

DEG f 

P084 75 12.00 

'02 

o 
o 

654 

o 
o 

Z 
.2 

r 
TIHE 1105 ~ATE 04/10/87 

M6 

o 
o 

862 

o 
o 

825 

o 
o 

.2 

.2 

850 

o 
o 

830 

-----------------------------------------------------~ •........• _--_ .. _----

o 
o 

850 

o 
o 

9 
.9 

19 



I 
DATA SUt1l1Ah.. 8tH CONTR. NO. RB614 P08475 12.00 TIME 1105 ~_ dATE 04/10/87 20 

lI\!ITS 

LOAD t1H 6100 902 HH 854 HH 846 HH 862 HH 825 HH 850 HH 830 HH 850 HH 

1 IN O. 
1 O. 
Z IN O. 

NO. Z O. 

1 
1 

2 
Z 

DRUH SAT. TEMP 679. 686. 679. 678. 68;/;. 678. 679. 678. 677. 

PSH IN TEMP 679. 686. 679. 678. 68;/;. 678. 679. 678. 677. 

SAT. CONN. ruBE 685. 685. O. 678. O. 677. 679. 677. 677. 

PSIG 

DEG F 

1 
;/; 1 1 1 1 1 1 1 

F 0.0 Z 1 .2 .1 
F 0.0 .0 0 .0 0 
F 0.0 0 0 .0 0 



DATA SUMMARY B+H CONTR. NO. RB614 

OUT OF SERVICE 

AIR 

GAS 

AIR 

IN 

UNITS 

t1H 

HLB/HR 

I1lB/HR 

DEG F 

851 

o 
o 

P08475 12.00 

844 

o 
o 

847 

o 
o 

I 
TIME liDS ~ATE 04/10/87 

846 

o 
o 

842 

o 
o 

607 

o 
o 

9 
1 

2 
9 
o 
6 

467 

o 
o 

467 

o 
o 

22 



DATA SUHHARY 

LOAD 

1 
1 
2 HTR 
2 HTR 

1 
1 

2 
2 

DRUH SAT. 

PSH IN 

SAT. CONN. 

8tH CONTR. NO. R8614 

IN 

IN 
DRAIN 

TEMP 

TEMP 

llJBE 

UNITS 

1+1 

PSIG 

851 1+1 

678. 

678. 

677. 

1 
o 
o 

P0847S 12.00 

844 1+1 

678. 

678. 

677. 

3 
o 
o 

1 

8471+1 

678. 

678. 

678. 

7 
.0 
.0 

1 

I 
TIME 1105 DATE 04/10/87 

8461+1 

678. 

678. 

678. 

9 
.0 
o 

1 

8421+1 

677. 

677. 

677. 

601 HH 

671. 

671. 

670. 

1 
o 

.0 

1 

461 J'1H 

665. 

665. 

663. 

o 
o 
o 

I 

23 

467 HH 

665. 

665. 

663. 

1 
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COI..O REHEIIT 5316,170 ... 

MOT REHEAT 5316870 .. 

MAIN STEil'" 6607760 .. 

I.EGENO 

TEMPERATURE-DEGREES F 

P PRESSURE-PSIA 

1'\ FLOw-LS'ell! 

... ENTHALPY-STU/Le 

TPM TONS PER "'OUR 

621 T 

600.0 " 
1006 T 

S6A " 
998 T 

2607 " 

3 

2 

5TEI'II'\ GENERl'liOR 

FIGURE 3-i 

FEEOWATER 6607760 ... 
2881 p 553 

14.38): CO2 
4.39): 02 

770 T 

INTERMOUNTAIN POWER 
INTERMOUNTAIN POHER PROJECT ~NI, 

MeR (105% LOAD) 01/29/87 - TES 4A 

1 11 



co~o REHEAT 4992040 ~ 623.0 T 

~EGENO 

TEMPERATURE-DEGREES ~ 

P PRESSURE-PSI A 

'" !'LOW-I.S/"'R 

'" ENTHAlPY-BTU/Le 

rPM - TONS PER MaUl'< 

sss p 

STEAM GENERATO~ 

FIGURE 3-2 

S8 
as 

GAS 

!'((DWATER 5182900 
2i3S P 5S1 T 

14.43% 

4,iS% 02 

759 T 

All> MEIiTERS 

INTERMOUNTAIN PO~ER MGENCY 
!NTERMOUNT',a,!N POWER Pt<OJECT :.JNi 

MAXIMUM CAPACITY (1001. LOAD 02/04/87 

1 11 

TEST 



COI..O REHEAT 5002200 '" 

WO"! REHEAT 5002200 M 

MillIN STEA" 6192S30 M 

I..EIIDiO 

1 - TEMPERATURE-OEQREES F 

P - PRESSURE-PSIA 

14 FLllIf-lB/loIft 

M ENTH~PY-BTU/l8 

TI'H - TONS 1'£1'1 HOI.JR 

622 T 
P 

1004 i 

530 P 
999 T 

2484 P 

3 

2 

STEA" gENERATOR 

FIGURE 3-3 

FEEOHATER 6192S30" 
2716 p 552 T 

14.957-

4.39l: 02 

7&0 T 

AIR HEATERS 

INTERMOUNTAIN PO~ER AGENCY 
INTERMOUNTAIN POWER PROJECT UNIT 

MAXIMUM CAPACITY 100% LOAD) - TEST 12A 

I 1 11 1 



." 

;AS 

PENTHOUSE 

PIJ1..VERIZER 

LEVEL 'I 

LECIENO -

T - TEMPERATURE-OEQREES F 

P PRESSURE-PSIA 

N • FI.OIoI-I.BI1-iR 

H - ENTM~PV-9TUII.B 

TI'H TONS P1E R HOUR 

3 

2 

STEAM QENERATOR 

FIC:URE 3-4 

t 

FEEOWATER 8155230 M 
2715 P 54B T 

1'1.99)( 

3.53)( 02 

753 T 

AIR HEATERS 

INTERMOUNTAIN POWER AGENCY 
INTERMOUNTAIN POWER PROJECT UNIT 1 

MAXIMUM CAPACITY (1001. LOAD) 02/09/87 - TEST lSF 

1 11 



I.EGENO • 

TEMPERATURE-DE;REES F 

P - PRESSURE-PSIA 
III FI.~I.I!/HR 

H ENTHALPY-BTU/LB 

TPM - TONS !'EFt HOUR 

PENll-lOUSE 

LEVEL 4 

3 

2 

STEAM GENERATOR 

FICURE 3-5 

, 
506 T I 

6133330 III 
SS2 T 

13.16:'. CO2 
5.81:'. 02 

'6' T 

AIR HEATERS 

INTERMOUNTAIN PO~ER AGENCY 
INTERMOUNTAIN POWER PROJECT UNJ 

MAXIMUM CAPACITY \100% LOAD) 02/10/87 

I 1 11 

1 

TEST 16 



.£,-

COLO II:EH£IIT 3366710 '" 570 T 
393 P 

33667)0 '" 1006 T 

367 " 
4063125 '" 1002 T 

2Ul P 

LEVEL 4 

2 

STEAM GENERATOR 

LEQENO -

T - TEMPERATURE-DECREES F 

P - Pl'i:ESSURE-PSIA 

M - I'L()Io;-LB/HR 

H ENTHALPY-BTU/LB 

11'1< T~ .PER HOUR FIGURE 3-6 

87 
B7 

GJliS 

529 T 

I 

~ 
I 
I i 

1
616 ri 

I 

FEEDHATER 4063125 ~ 
2SB2 P 507 T 

I' .111. 

5.05% 02 

753 T 

IIIR I<£IITERS 

INTERMOUNTAIN POWER AGENCY 
INTERMOUNTAI POWER PROJEC U"tI T 

651. LOAD 01/27/87 TEST 2A 



· COL.O REHEAT 2620600 .. 554 T 
305 P 

HOT IltEHEl\T 2620600 M 1009 T 
285 p 

HAIN STEil,. 3095600 ,. 1003 T 

2367 P 

POS 
P\l\..vERIZER 

TEMPERATURE-DECREES F 

P PRESSURE-PSIA 

M FL.OW-L.B/HR 

H ENTHI\L.PY-BTU/L.B 

rP1-l TONS P£R HOUR 

L.EIIEL. 4 

3 

STEAM CENERATOR 

FIGURE 3-7 

81 
87 

FEEO~ATER 3095800 M 
Z478 P 4S3 T 

IZ.Z!ll: COZ 
'7.84% O2 
704 T 

I\lR >!EATERS 

INTERMOUNTAIN PO~ER AGENCY 

INTERMOUNTAIN POWER PROJECT UNi 

50% LOAD 02102/87 - TEST lOA 
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a McDermott company 

3, 1987 

Intermountain Power ect 
of Water & Power 

P.O. Box 
Los 

Power Generallon 

20 S. Van Buren Avenue 
P.O. Box 351 
Barberton, Ohio 44203 
(216) 753·4511 

" 

Attn: Mr. T.H. McGuiness Re: Power ect 

Gentlemen: 

find two ( of 
in June 1987. If you have 

CAP:nk 

cc: RK 
GT Rose 

CAP3396 

B&W Ref: RB-6 15 
ect: Airheater Performance 

Test Results 

. ~ 

on the unit #1 airheater 
or comments. call me at 

SEP OIS 
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INTERMOUNTAIN POWER PROJECT 
UNIT NO. 1 RB-6l4 

TEST - JUNE 1987 

Boiler were conducted on Unit No. from June 22 
of the was to was to determine boiler 

The test method was 
traverses for 

, and orsat 
house inlet, outlet, 

outlets, 
contracted 
Preheater Co. 

air heater gas outlet, 
IPP to conduct the tests. 

Denver 
tests were witnessed 

air 
was 

, June 27, tests were conducted to obtain 
data an upper mill out of service. Data was collected with balanced 

normal idle burner 
biased up with air and biased up with reduced 

air. 

The test are summarized on Table I. The conclusions are: 

1. The the and tests was 88.61 % when 
corrected to contract conditions versus the value of ' 
88.57 %. 

2. The 
was 

air 
versus a 

for 
477 

and tests 

3. The calculated the air heaters was 6 
to 7 F 
APCO's 

4. The gas 
of 65 F 
to 
the 

conditions which is within 
test 

air heaters was on the order 
test conditions. This trans 

to 7 F on final end since 10 % of 
air hea'Cers. 

5. The composite gas the air heaters ( 
) when corrected to contract conditions is F 

Two thirds of this is due to poorer than 
and one third due to than 

economizer gas outlet The addition of economizer 
sootblowers is reduce economizer gas outlet 

6. - With the rear wall burners out of 
the upper burners and reduced coo 

and reheat 
excess air. 

with 17 % excess 

TCH-082787 1-

service, 
air to 

and 
be 

1 11 
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INTERMOUNTAIN POWER PROJECT 
AIR HEATER/EFFICIENCY TEST SUMMARY 

EFFICIENCY, % 

TEST 
CORRECTED 

AH LEAKAGE, nB/ER 

TOTAL 
PRIMARY 
SECONDARY (BY DIFFERENCE) 

AIR TEMP ENT AIR HEATERS, F 
PRIMARY TEST 
PRIMARY CORRECTED 

SECONDARY TEST ' 
SECONDARY CORRECTED 

GAS TEMP LVG AI:J' S (EXCL LKG) , F 
EXPECTED (TEST CONDITIONS) 
TEST 
CORRECTED 

GAS TEMP LVG PRI AH (EXCL LKG), F 
EXPECTED (TEST CONDITIONS) 
TEST 
CORRECTED 

GAS TEMP LVG SEC AI:J CEXCL LKG) , F 

EXPECTED (TEST CONDITIONS) 
TEST 
CORRECTED 

"' Guarant.eed 

EXPECTED 6/24/S7 

" 88.57 

477 446 

" 163 216 

" 314 230 

77 

64 

295 

313 

292 

6/25/87 6/26/87 

88.53 8S.S1 

88 60 S6.62 

430 508 

176 120 

254 388 

114 114 

77 77 

90 91 

64 64 

321 316 

333 331 

315 314 

264 269 

334 330 

310 306 

326 324 

332 331 

316 3111 

Calculations based on 02 and measured primary air flow from plant computer. 

TEMPERATtlRES. F 

TCH 082787 

BALANCED FIRING - NORM COOLING 
BIAS UP - NORM COOLING 
BIAS UP - MIN COOLING 

-2 

SH 

968 

986 

R.l! 

965 

977 

1006 1013 

TABLE I 

AVE 

88 52 

88.61 

461 

171 

291 

77 

64 

320 

332 

315 

267 

332 

308 

325 

332 

315 

" 



the number of 
the 

measurements, APCD 
the air heater air 

was that the 
could not be measured 

of per flue or duct was 
or duct into areas not to exceed 3 ft. 
test locations, measurements each location and 

per location is contained in C. A sketch 
dimensions of location is also included. One 

constituted one test. The economizer gas outlet, house inlet air 

most 

outlets) , 
the start and 

ide traverses. 

air heater gas in and air out were coordinated 
coincided. Since these locations had the 

of test. The air heaters were 
The and gas outlet of 

the 
before or after the 

Water manometers were installed at the heater inlets and gas 
outlets to measure static pressure and to gas pressure 

Coal and ash 
is are contained in 

local barometric pressure and wet and 
moisture in 

ash and fuel 
also obtained 

to calculate 

The data necessary to determine and were 
obtained from the Data was obtained at five (5) minute 
intervals and later downloaded to HP for and 

pressure and with 
a Fechheimer and B&w's Pressure ). 

in accordance with PTC-II Fans. Flue 
with PTC-4.1 Steam Generators. All 

based on as well 
was used to 

flue gas volumetric 
combustion 
then 

orsat station. The combustion line 

TCH-

bad orsat 
for the 

-3 

with 

contained in 
are indicated as 

for each test station. 

1 11 



A of the arithmetic versus 
be observed that there is 
results and the arithmetic 

is summarized in 
no difference between 

average results. for 
recommends that multi and the 

method This has the benefit of 
, virtue of more 

For the test, there were eleven orsat stations. All orsat results were to 
the left of the flue gas combustion line. Refer to J for a tabulation 
of the combustion line results C02 at zero 02) for each test station 
for each of the It will be observed that the results for each tes 
station consistent between the test The combustion line 
based on the orsat results was 18.6 % C02 0.25 % at 0 % 02. This order of 
variation is as one can achieve with an For the final 
fuel at zero 02 18 3 % data 
not on the , the C02 method 4.1 and 9.2) for 

excess air and air and gas erroneous, 
differentials as when air heater 

reason, B&W has more confidence in the calculations based on 02 than 
however, both are for 

in accordance with ASME PTC 4.1 Heat Loss 
The measurement for 

method are average 
and excess 

of 

are described 
for 
The 

the air heaters 
house which is 

This is the 

is a 
a mix of the gas 
most accurate 

measurement Flue gas at the 
economizer gas outlet in 
calculation of total air 

Problems were encountered with 
heater air inlets on For purposes 

between the and test averages on 
air heater air inlet ramr.or 

enables 
confidence level. 

at the air 
.... """'""'.<:1.1<\,"", the 

to 

These results were not used for evaluation of unit 
, however, any error in the 

calculation has calculated air heater mass flows. 

In order to evaluate individual air 
desirable to measure the conditions at the gas and air 

, it is 
inlets and outlets of 

each air heater. On unit, it was not possible to measure the 
air heater gas outlet and flue gas due to the 
flue Therefore, it was 

outlet conditions based on 
house gas inlet conditions. The 
as the alternate used to determine 

TCH- -4-

air 
gas outlet and 

describes this calculation as well 
air and gas mass flow 

1 11 1 



Total gas mass flow economizer and air heaters the 
house was calculated based on the gas 

fuel Fuel was calculated from measured unit 
determined as described above. 

Gas mass 
air flow to the 

B&W 
, mill 

air flow 

method - Based on measured 
, hot and cold 

; calculate 
Calculate the gas flow 

heater heat balance. 
heat balance from the 

air heater gas 
and calculated above. 

ide data and 
It is noted that the 

air as measured 
air flow 

of 
air flow was converted to 

based on the latest calibration data. 
then calculated from this pressure differential, 
calibration ('K') factors for each The gas mass flow 

air heaters is the difference between total gas mass 
economizer and the gas mass flow the air heaters. 

the 

method The measured gas flows the 
are usted the of 

calculated gas mass the economizer divided 
measured mass flows the air heaters. These calculations are 
contained in H. It will be observed that the correction 
factors are reasonable. 

air gas outlet conditions - Total 
outlet and house gas inlet (composite 

heaters) was calculated as described above. The 
calculated from the air heater gas inlet and outlet orsat 
mass flow as determined either of the methods above. 
air heater is the difference between the total air heater 

For air heater 
flows the air flow 
For calculated 
the total air flow was calculated 

the 

contained in 

, and is not critical. 

TCH-082787 -5-

was 
data and gas 
The 

and 

all 

air flow and 
air flow 

for the 

1 11 
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For the final is of the results, B&w considers the methods 
for the data and the results to be the most accurate: 

1. 02 method for excess air and 

2. air flow measured the instrumentation 
flow 

In this section, the results of the different calculation methods are 
and discussed. For of in the tables and 

discussion, the nomenclature is used' 

02 02 method for excess air. 

2. C02 C02 method for excess air. 

3. MPAF - Calculated 
measured 

is referred to as the 'heat balance method' . 

4. TRAV - Calculated flow 
measurements. In the 

based on 
, 'measured 

air flow to the 
the text, this 

to 
measured calculated based upon the traverse 

A summary the air and gas flow results are shown in Table The 
calculations are contained in Items of note are: 

1. The measured 
calculated 

2 

about 10 

s 
error. 

For the 

heaters. 
believable. 
average 

TCH-082787 

heater gas flow 
Since the 

than the gas flow 
heater gas flow is 

gas flow 
error is 

gas flow for the same 

tests, there is resonable between the 
air flow to the 

is 

6-
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6/24/87 6/25/87 6/26/87 
AVE AVE AVE 

WEST EAST WEST EAST WEST EAST 
PRI AH GAS FLOW, KLB/1lR 

MPAF / 02 372 349 360 
MPAF f CO2 370 348 362 

TRAV / 02 406 529 373 413 394 418 

TRAV / CO2 394 514 363 402 384 407 

PRI AH AIR FLOW, KLE/1lR 

TO MILLS, TOTAL 

MPAF 1441 1451 1455 
TRAV 02 1848 1471 1624 
TRAV / CO2 1766 1421 1563 

TERU AR, AVE PER B'l'R 

MPAF 453 4ll 443 
TRAVI 02 569 456 471 501 498 
TRAV/ CO2 555 445 462 486 484 

PUL V TEMP AIR, TOTAL 
MPAF 536 629 569 
TRAV/ 02 711 544 625 
TRAV / CO2 656 514 594 

SEC AH GAS FLOW, KLEIER 

MPAF I 02 6824 6827 7056 
MPAF / CO2 6610 6634 6846 

TRAV I 02 6633 6739 6963 
TRAV/ CO2 6442 6564 6778 

SEC AH AIR FLOW, KLE/HR 

MPAF / 02 5425 5380 5623 
MPAF / CO2 5168 5148 5380 

TRAV/ 02 5018 5359 5454 
TRAV / CO2 4842 5178 5272 '" 

TABLE II 
AIR & GAS FLOw CALCULATION SUMMARY 

TCH 082787 
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A summary of the air 
calculations are contained in 

1. The air heater 

is shown in Table III. The 

was very for all three 
tests. The maximum the average is 10 % (0.6 % of total 

2 

3. 

4. 

The is than that calculated us 
the 02 % of total gas we Due to the 
average above the combustion line, B&W 
considers the 02 method to be more 

versus 
line ( 

There is no s 
calculated 

out of line on 
air heater is out of 

The average air heater 
these two from the average. 

difference in the 
either the 02 or C02 method 

heater 

5. The air heater utiliz the measured gas 
flow data than the heat balance method since the traverse data 
indicates a heater gas flow. 

6. Based on the 02 method and gas flow balance, the 
and air 

heater are met. 

6/24/87 6/25/87 6/26/87 AVERAGE '" 
AH LEAKAGE. KLB I HR TRAV MPAF TRAV MPAF TRAV MPAF TRAV MFAF 

COMPOSITE OF ALL AH'S 

02 446 430 509 462 
CO2 518 525 616 553 

WEST PRI AH 

02 150 138 90 84 79 72 85 78 
CO2 140 131 86 82 83 78 85 80 

EAST PRI AH 

02 111 78 109 92 57 49 110 85 
CO2 105 76 100 86 58 51 103 81 

AVE PRI AH 

02 266 216 199 176 136 121 195 163 
CO2 250 207 186 168 141 129 188 161 

AVE SEC AH 

02 180 234 231 254 373 388 267 299 
CO2 268 314 339 356 476 487 365 392 

'" AVERAGE OMITS 6/24 WEST PAH AND 6/26 EAST FAH DATA 

TABLE III AIR HEATER LEAKAGE SUMMARY 

TCH 082787 8 
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A of the results of the gas the house 
the air heaters) shown on Table IV and discussed below. 

for the individual air heaters is discussed later. 

1. The corrected gas 
"'Co"' .... "'''' ) 

the 02 method. 
difference translates in calculated 

the 

house ( 
the C02 method versus 

The 

2. Some concern has 
( AH 
value was 280 
the average 

319 F However, 
was 95 F versus 

the and 77 F 
exit gas 

an average exit gas 
heater exit is 

to decrease on the 
sootblowers. 

F with the addition of economizer 

6/24/87 6/25/87 6/26/87 
GAS EN! BAG BOUSE, F 

(INC!.. LKG) 318 321 317 
02 BASIS (EXC!.. !.KG) 330 333 331 

C02 BASIS (EXCL LKG) 332 336 334 

AVE AIR IN TEMP 93 95 96 
*ENT BAG BOUSE (INC!.. LKG) 301 302 298 

AVE EeON GAS OUT 752 747 753 

* CORRECTED FOR CONTRACT AVERAGE ENTERING AIR TEMP OF 67 

TABLE IV GAS TEMPERATURE ENTERING BAG HOUSE S~~y 

The 
calculated based on 
These results were 
The measured 
these results, the measured 
to agree with the total 
Also the gas conditions heater were calculated. A 

of the composite contained H. 

was then re-
air data and calculated results. 

results were also corrected to contract conditions ( 
correction to contract conditions are for air 

is and excess air., A of the composite 
contained in G. 

TCH-082787 -9-
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It will be observed that the test efficiencies are the same for both the 
composite and individual air heater bas Other items of note are: 

1. The for the test conditions is us 
air 

the C02 method 
than the 02 method because the gas 

is lower even 
) is 

2. The method for 
calculated or 

air has no on the 

0.06 % to 0.08 % lower us the 3. The corrected 
method than the due to the calculated exit 
gas 

EXCESS AIR MEAS BASIS 
EXCESS AIR LVG tCON, % 

EFFICIENCY, % 

COMPOSITE ANALYSIS 
TEST - MPAF 

INDIVIDUAL PRI/SEC AN 
TEST - MPAF 
CORR MPAF 

TEST TRAV 
CORR - TRAV 

6/24/87 

02 

21 

C02 

16 

8S.40 8S.50 

the C02 method. 

5/25/87 

02 

21 

C02 

17 

88.53 88.61 

SS.53 

8S.60 

SS.54 S8.62 

8S.61 SS.53 

6/25/87 

02 

23 

C02 

19 

S8.50 8S.S8 

S8.51 

S8.62 

88.52 

SS.63 

8S.60 

8S.57 

TABLE V EFFICIENCY SUMMARY 

Table VI shows actual versus 
heaters. This table shows the heater 

for no 

for the air 
as measured 

02 and C02 ( ) 

gas 
heat 

Also shown is 
the test conditions for both the measured 
methods for air and gas flows. B&W's first 

model air heater 
on the for the heaters. 

1. 
upon 

within Air Preheater's 

2 to 11 F than 
method. This is well 

TCH-082787 
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2. heater exit gas is 6 to 70 F than 
of the east and west air heaters 
the two tests. The exit gas similar and 

temperature 
methods. 

the same for the alternate calculation 

SEC AS EXIT GAS TEMPERATURE, F 
TST (INCL LKG) 

TST - 02 (EXCL LXG) 
EXP - 02 MPAF (EXCL LXG) 
EXP - 02 - TRAV (EXCL LKG) 

TST CO2 (EXCL LKG) 
EX? CO2 TRAV (EXCL LKG) 

PRl AS EXIT GAS TEMPERATURE, F 
1'ST (INCL LKG) 

1'ST - 02 (EXCL LKG) 
EXP 02 - MPAF (EXCL LKG) 
EXP - 02 TRAV (EXCL LKG) 

1'ST C02 (EXCL LKG) 
EXP - C02 TRAV (EXCL LKG) 

6/25/87 6/26/87 

324 319 

332 331 

326 324 

323 329 

336 335 

325 330 

AVE AVE 
WEST EAST WEST EAST 

289 293 295 306 

329 339 329 331 

264 269 

264 283 267 272 

328 336 332 333 

262 280 267 273 

TABLE VI ACTUAL VS EXPECTED AH PERFORMANCE 

1. The average corrected to contract conditions was 
the 02 method and 88.55 % the C02 method. This meets 
of 88.57 %. 

2. The total 
The 

and 553 

161 and 195 

heater 
vice versa. 

TCH-082787 -11 
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3. The heater exit gas 
to 7 which is within 
when test 

4 The are not 
exit is on the order of 55 

of the test 
handle of 

the gas flow, thus, the 
average exit is on the order of 

5. The average gas air 
heater ) of 95 F. 

for of 67 F, 
house be 300 F, or 20 F 

of this is attributed to air heater 
than gas 

The addition of economizer sootblowers is 
outlet 

6. Excessive 
have a 
can be 

demonstrated to 

bias 

7. test results traverses were 
, there is concern about the 

introduced due to variations with time and coordination between 
locations. The test results demonstrated that the arithmetic 
of the individual traverse with the .average. 
For future is recommended that and 

flue gas be utilized. This would have the 
of virtue of more as 

well as eliminate the time and coordination between 
test locations in that all test locations measured s 

TCH-082787 
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ATTACHMENTS 

A DATA LISTING - AIR TEST 

B DATA LISTING BIAS FIRING TEST 

C LOCATION OF AIR AND FLUE GAS TRAVERSE POINTS 

D TRAVERSE DATA & CALCULATIONS - TEST 

E TRAVERSE DATA & CALCULATIONS TEST 

F TRAVERSE DATA & CALCULATIONS - TEST 

G EFFICIENCY CALCULATIONS - INDIVIDUAL AH BASIS 

H AIR AND GAS FLOW CALCULATIONS 

CALCULATION METHODOLOGY 

EFFICIENCY CALCULATIONS - COMPOSITE GAS OUTLET 

SECONDARY AH GAS OUTLET CALCULATIONS 

MEASURED AIR AND GAS FLOW CALCULATIONS 

I FUEL & ASH ANALYSIS - UNBURNED CARBON CALCULATIONS 

J 02 VS C02 LINEAR REGRESSION ANALYSIS RESULTS 

K TABULATION OF ARITHMETIC VS WEIGHTED AVE AIR AND FLUE GAS DATA 

L EXPECTED AIR HEATER PERFORMANCE CALCULATIONS 

M BOILER OUTPUT CALCULATIONS 
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ATTACHMENT C 

LOCATION OF AIR AND FLUE GAS TRAVERSE POINTS 

3 

1 11 



VEL STATIC TEMP ORSAT NO POINTS 
HD PRESS 

SEC AH AIR IN + + 
SEC AH AIR OUT + + + 

ECON GAS OUT + + + 
BAG HOUSE IN + + + + 8 

SEC AH GAS IN + + + 
SEC AH GAS OUT + 1 

PRI AH AIR IN + + 
PRI AH AIR OUT + + + 

AH GAS IN + + + 
PRI AH GAS OUT + + + + 24 

COLD AIR TO MILLS + + 48 

AH RB-614 

TCH-08 1 
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ATTACHMENT G 

EFFICIENCY CALCULATIONS ~ INDIVIDUAL AH BASIS 
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l 

Fuel 
Air 
Air 

(1) 

Econ 
AH 
AH ( 
AH ( 
AH 

Ave Gas AH 

Air Econ 
Excess Air Ent Pri AH 
Excess Air Ent Sec AH 
Excess Air Sec AH 
Excess Air Pri AH 
Excess Air to Burners 
Sec AH 
Pri AH 

Moisture In Air 
Gas Wt Econ 
Air Wt to Burners 

Wet Gas Wt Econ 

Losses 
Gas 
in 
in 

Moisture in Air 
Combustible 

Radiation 
Unaccounted 

Unit 
Fuel 

(1) 
(3) 

of Losses 

Rate 

F 
F 

% 
% 
% 
% 
% 
% 

% 

% 

MKB 
MKB 

IS 

TEST 4A 
CONTRACT CORRECTED 4A 

SUM.lI1ARY FOR CONTR. WITH TEST 
SHEET CONDITIONS CONDITIONS 

CONTR.II..CT TEST 
64 
a 

184 145 
497.8 629.0 

.2 0.0 

.7 66.9 

747.0 747.0 

/ 

.0 17.0 
17.0 

.0 

15.0 .0 

169 176 

.0067 .0067 .0044 
10. .471 

9.477 10.918 
10. 12.080 

4.84 5.42 5.41 
(2) 5.15 .88 .70 

4. 4. 
.04 

.04 .04 

(3) L .50 
.43 11.40 1L47 

.57 88.60 .53 

6691. 5 
2.5 

686.0 

in Loss 

TCH 7 

1 11 



Fuel 
Air 
Air 

) 

Gas 
Gas 
Gas 
Gas 
Gas Flow Ent Ali 
Ave Gas Ali (Excl 

Econ 
Excess Air Ent Pri Ali 
Excess Air Ent Sec Ali 

Air Ali 
Excess Air 
Excess Air to 
Sec Ali 
Pri Ali 

Moisture In Air 
Gas wt Econ 
Air wt to Burners 

wet Gas wt Econ 

Losses 

in Air 

Summation of Losses 

Unit 
Fuel 

(1) 
(3 

Rate 

TEST 4M 

IS 

F 
F 

% 
% 
% 

% 
% 

% 

% 

MKB 
MKB 

TEST 4M 
CONTRACT CORRECTED TEST 4M 

SUMMARY FOR CONTR. wITH TEST 
SHEET CONDITIONS 

CONTRACT TEST 
64 90 

0 648 
60 

544.0 544.0 
0.0 .3 

66.9 95.5 

747.0 747.0 

$/ 

315.2 

.0 17.0 .0 
17.0 .2 

.0 .0 
.5 
.4 

.0 .9 
1 

198 

10. .471 
9. 10.918 

10 561 12.080 

4.84 5. 5.40 
(2) 5. .70 

4. 4. 

.04 
.17 

(3) 1.00 .50 .. 
.43 11.39 .46 

88. 

.5 .5 

.0 .6 

.2 .9 

in Fuel Loss 

FLOW 7 

1 11 



Air AH 
Air AH 
Air AH (1) 
AH Air 

Ave 

Gas Econ 
Gas AH 
Gas AH 
Gas AH 
Gas AH 
Ave Gas All ( 

Excess Air Econ 
Excess Air Ent Pri All 
Excess Air Ent Sec AH 
Excess Air Sec AH 
Excess Air Pri AH 
Excess Air to Burners 
Sec All 
Pri All 

Moisture In 
Gas Wt Econ 
Air Wt to Burners 

Wet Gas Wt Econ 

Losses 
Gas 
in 
in 

Moisture in Air 
Combustible 

Unaccounted 
Summation of Losses 

(1) 
(3) 

TEST 

F 
F 

% 
% 
% 
% 
% 
% 

% 

% 

MKB 
MKB 

IS 

TEST 4MC 
CONTRACT TEST 4MC 

SUMMARY FOR CONTR. WITH TEST 
SHEET CONDITIONS CONDITIONS 

CONTRACT TEST 
64 

0 

514.0 
0.0 

.8 

.0 747.0 
7 747 

/ 

17.0 17.0 17.1 
.0 15.4 

17.0 .1 
.4 

45.8 
15.0 .0 

186 

.0067 .0044 
.005 .167 

9,477 10.556 
.561 774 

4. 5. 5. 
(2) 5.15 

4. 4. 
.07 .04 

(3) 1 .50 
.43 .47 .38 

88. 

.5 .5 

.5 .1 

.5 .4 

in Loss 

FLOW ITCH- 7 

I 1 1 



Fuel 
Air 
Air 
Air (1) 
Ali Air 
Mill 
Ave 

Econ 
Ali 
Ali 
Ali 

Gas Flow Ent Ali 
Ave Gas Ali 

Excess Air Econ 
Excess Air Ent Pri Ali 
Excess Air Ent Sec Ali 
Excess Air Sec Ali 
Excess Air Pri Ali 
Excess Air to Burners 
Sec Ali 
Pri Ali 

Moisture In Air 
Gas wt Econ 
Air Wt to Burners 

Wet Gas Wt Econ 

Losses 
Gas 
in Fuel 

H2 in Fuel 
Moisture in Air 

Radiation 
Unaccounted 

Summation 

Fuel 

(1) 
(3) 

Rate 

Losses 

Excl 

/ S 

TEST SA 1045 

F 
F 

% 
% 
% 
% 

--
% 
% 

% 

MKB 
MKB 

3MW 

CONTRACT 
SUMMARY 
SHEET 

CONTRACT 
64 

647 
13 184 

497.8 
397.2 
66.7 

.0 

.0 
3 
169 

4.84 
(2) 5. 

.07 

.17 
(3) 1. 

.57 

. 5 

.0 
686.2 

H2 in Fuel Loss 
% 

SEC 

TEST SA 
CORRECTED TEST 5A 
FOR CONTR. WITH TEST 

CONDITIONS CONDITIONS 

CONTRACT TEST 
64 

0 
145 

568.9 568.9 
0.0 333.5 

66.9 95.5 

752 8 
746 

-/ 

331.1 

.0 .6 

.0 19.1 
17.0 .6 

.9 
40.6 

.0 .5 
388 

.0067 
11.848 
11. 

.458 

5.38 5. 
.69 

4. 4.54 
.05 

.06 .06 

.50 .50 • 
11.38 11 

88. 88 . 

6691.5 .6 
.8 .9 

685.8 .1 

TCH- 7 



(1) 
(3) 's 

3MW 

H2 in 
% 

Loss 

I 1 11 



, 
" 

Fuel 
Air 
Air 
Air (1) 
AH Air Pass Flow 
Mill Inlet 
Ave Air Ent AH 

Gas 
Gas 
Gas 
Gas 
Gas 
Ave Gas AH 

Excess Air Econ 
Excess Ent Pri AH 
Excess Air Ent Sec AH 
Excess Air Sec AH 
Excess Air Pri AH 
Excess Air to Burners 
Sec AH 
Pri AH 

Moisture In Air 
Gas Wt Econ 
Air Wt to Burners 

Wet Gas Wt Econ 

Losses 
Gas 

in Air 
Unburned 
Radiation 

Summation of Losses 

Unit 

(1) 
(3) 

Rate 

F 
F 

% 
% 
% 
% 
% 
% 

% 

% 

MKB 
MKB 

3 MW • 

CONTRACT 
SUMMARY 
SHEET 

(3) 

H2 in 
% 

17.0 

15.0 

.0067 

5. 

l. 
43 

Loss 

TEST 
CORRECTED TEST 5MC 
FOR CONTR. WITH TEST 

CONDITIONS CONDITIONS 

CONTRACT TEST 

594.0 
333.5 

96.0 

752.8 

-/ 

17.0 18.6 
.0 .2 
.0 18.6 

.3 

.9 
.0 16.5 

10.003 
9.475 

.558 

5. 5. 
.69 

4. 4.54 
.05 
.06 
.16 

.50 .50 

.43 .40 

.6 

.1 

.5 

FLOW ITCH- 7 

I 1 11 



ATTACHMENT H 

AIR AND GAS FLOW CALCULATIONS 

CALCULATION METHODOLOGY 

EFFICIENCY CALCULATIONS COMPOSITE GAS OUTLET 

SECONDARY AH GAS OUTLET CALCULATIONS 

MEASURED AIR AND GAS FLOW CALCULATIONS 

-8-

.1 
I 
I 

I 1 1 
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CALCULATION METHODOLOGY FOR SECONDARY AIR HEATER 
GAS OUTLET CONDITIONS AND FLOW DISTRIBUTION 

be 
outlet flues. However, the 
air heater gas 
be measured with 

can be 
can be 

Below is the 

1. 

TCH-

and composite 
the accuracy 
measured the 

-1-

used 

is can not 
air heater gas 

the 
outlets, 

two out 
heater 

and can 
three 
outlet 

the other 

this contract. 

air 
based on 

calculated based on 
Heat Loss Method. 

air and 

PTC 4. .1 

to air 

AH's. 
AH's 

1 1 

•• 

1 



3. 

4. 

6. 

7. 

8. 

TCH· 

PTC 4.3. 

687 

air heater 
C02 

-2 

the 
PTC 4.3. 

) 

air 

PTC 
] . 

(s) 
the 

per 

air 
or 

1 1 



TCH-

9. Calculate moisture in flue gas 
moisture the 

10. Calculate moisture in 
mass balance per the 

M14A * 
APCO 
heat balance 0 

B&'W method 

- M14B * 
air 

-3-

economizer, M14, and 
, M14B, per PTC 4.3. 

air heater 

air 

air 
to the 
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TEST 3A 
FOR CONTR. WITH rEST 

ONS nONS " .J 

CONTRACT TEST 
Air PRII 771 64 771 64 liZ! 89 
Air PRII 01 0 4611 
Air Flold ( 1 ) PRII 184 1441/5101 1441/5425 
AH Air Old 497.8 .4 536 4 
Mill Inlet F .2 o 0 331.8 
Ave Air Ent AH F 66.7 66.9 93.4 

F .0 75Z.0 
MLB/HR 10 7241 

Ave Gas AH ( Incl ) F 1.6 317.7 
Ave Gas AH ( Excl g) F 294.7 313.4 • 1 

Excess Air % 17.0 17.0 20.7 
Air % 28.4 
Air to Burners % 15.0 15.0 18.6 

AH Leakage HR 484 446 

Moisture In Air .0067 .0067 
Gas 1..11: 10.003 11.403 
Air Wt to Burner5 9.475 10. 

Wet Gas 1..11: 10. 12.037 

Losses %. 
4 84 5.38 5.35 

H20 in ( 2 ) 5.15 .88 .73 
HZ in 4.32 4.75 
Moisture in Air .07 .05 

ible .06 .06 
.17 . 17 .16 

( 3) 1 • .50 .50 
11 43 11. 11.60 

EHi % e8. Be.62 B8 40 

Unit 1.5 6691.5 
Fuel .0 7550.8 

Rate .Z . B 

(1) Includes Flold (Z) I udes HZ n Fuel Loss 
(3) Includes Manufacturer' of .5 % 

3A Z4/87 1110-1 MW TEl 02 ADJ AIR IN 87 

1 



f 

TEST 3A 06/24/87 1110-1645 MW COMPOSITEI 02 ADJ AIR IN TCH-080287 

EXCESS AIR = 20.70 02 % = 3 68 CO % 0.00 1. = 14.88 SOZ % .04 
AIR = 11.06 MOIS AIR .055 MOIS 0.000 = 578 LB FUEL 

EXCESS AIR 
DRY AIR ;:: 

GAS 
= • Z 

11.403 GAS = 12.037 FUEL MOIS GAS, 1. = S.26 

28.38 
11.77 MOrS 
12.109 

% 4.74 % 0.00 C02 % 13.96 
R .059 MOIS = 0.000 H20 ;:: 

GAS 12.745 lB/l8 FUEL S GAS, % 
AH lKG, % = 5.89 GAS LVG AH ( 

S02 %". .04 
.578 LB/lB 
5.00 

LKG) = .1 

1 1 

.. 



TEST 3A 06/24/67 1110-1645 850 MW USING 02 TCB-0803S7 

EXCESS AIR 16.92 02 % .. 

DRY AIR 10.71 MOIS AIR 
3.11 CO % .. 

.054 MOIS ADD 
0.00 C02 % 15.37 502 %.. .05 

0.000 H20 FUEL 
DRY GAS .. 11.057 WET GAS .. 11.S8S LB/LS FUEL MOrs GAS, % 

.57S LB/LB FUEL 
5.40 

EXCESS AIR 53.05 02 %.. 7.40 CO % 0.00 C02 % 11.66 S02 %.. .03 

DRY AIR .. 14.03 MOIS'AIR .070 MOIS ADD .. 0.000 H2O FUEL.. .576 LE/LB FUEL 
DRY GAS .. 14.371 WET GAS - 15.019 LE/LS FUEL MOIS GAS, % 4.31 

Cpa" .242 CPS .255 AS LXG, % 26.50 GAS LVG AS (EXCL LKG) _ 349.0 

1 1 



TEST 3A : -1645 850 MW . USING 02 TCH-080387 

CALCULATED SECONDARY AH GAS OUTLET CONDITIONS 

LVG ENT LVG ENT LVG TOTAL 
ECON PRI PRI SEC SEC LVG 

AH'S 

% 3. 3. 7.40* 3. 4. 4.74* 
, % 14.88 14.88 14.33 13 96 

EXCESS AIR, % 20.7 .9 53.0 20.7 .2 .4 
IN GAS, % 5.26 5.40 4. 5,26 5.09 5.00 

T AIR, F .8* 460.5* .5* 659.0* 
HAIR, 7.7 2.1 
T AIR CALC, F .0 635.9 

T GAS, F 752.0* .0* .5* 734.5* .2 3 . 7~\: 
H GAS, 54.2 60.1 59.4 
H GASC, .5 .1 62.6 
T GAS .5 .7 .8 

WT AIR, .6 0.0 
WT GAS, .0 .1 .1 .9 .5 
AH LKG, 445. 

* DENOTES VALUES. PRI AH AIR BY-PASS FLOW 
MOIS IN AIR, DA 

1 



TEST 3A : 06/24/87 : 1110-1645 850 MW : USING 02 TCH-080387 

CALCULATED SECONDARY AH GAS OUTLET CONDITIONS 

LVG ENT LVG ENT LVG TOTAL 
EeON PRI PRI SEC SEC LVG 

AH'S 

02. % 3.68* 3,11'" 7.40'" 3.68* 4.19 4.74'" 
CO2, % 14.88 15,37 11.66 14,88 14 .44 13.96 
EXCESS AIR. % 20.7 16.9 53.0 20.7 24.2 28.4 
H20 IN GAS, % 5.26 5.40 4.3l 5.26 5.12 5.00 

T AIR, F 111.8'" 460.5'" 88. 6S9.0'" 

B AIR, nU/LB 7.7 2.1 
T AIR. CALC, F 548.8 622.0 

T GAS, F 752.0'" 741.0* 298.5'" 734.5'" 321.0 317.7'" 
H GAS, BTU/LB 54.2 60.3 59.4 
B GASC, BTU/LB 67.S 61.9 62.6 
T GAS (W/O LKG),F 348.5 326.9 329.6 

WI AIR., :KI.B/HR 904.6 5425.0 0.0 
WI GAS, KLB/HR 7S68.0 935.0 1201.4 6633,0 6812,1 8013.5 
AH LKG, KLB/HR 266.4* 179.1 445.5'" 

k DENOTES MEASURED VALUES. PRI AH AIR BY-PASS FLOW" 536.4 
MOtS IN AIR., LB/LB DA .. .0050 

1 1 



3AC 
CORRECTED TEST 3AC 

CONTR. WITH TEST 
nONS nONS •. 

Fuel CONTRACT 
Air F 771 64 771 64 11 ZI 89 
Air F 01 0 4611 
Air Flow ( 1 ) ML8/HR 1441/5105 1441/5168 
AH Air HR .4 .4 
Mill Inl F 0.0 331.8 
Ave Air AH F .9 93.6 

Gas F 736.0 .0 .0 
Gas 10 7245 7350 
Ave AH ( Inc! ) F Z81 .6 317.7 
Ave AH ( ) F Z94.7 315.8 332 5 

Excess Air % 17.0 17.0 16.4 
Excess Air % 25.7 
Excess Air to % 15.0 15.0 14.3 
AH Leak 484 518 

Moisture In Air .0067 .0050 
Gas Wt 10.003 11. 
Air W1: 9. 10.471 

Wet Gas Wi; 10.558 11.704 

Losses % 
4.84- 5.43 5.24 

H20 in Fuel ( Z ) 5.15 .88 .73 
HZ in 4.32 4.76 
MOisture in Air .07 .05 

COll1bustible .20 .06 
Radiation .17 17 . 16 
Unaccounted ( 3) 1.00 .50 .50 

SUII1111at1on 11. 11.43 11. 

f'iciency .57 a8. a8.50 

Unit MK8 6691.5 6691.5 5 
Fuel MKB 7555.0 7555.0 • 1 
Fuel Rate 686.2 686.2 628.0 

(1) Includes Flow (Z) Includes HZ in Loss 
(3) Includes Manufacturer' of .5 % 

06124/87 1110-1645 850 MW COMPOSITEI ADJ AIR IN 87 

1 11 



TEST 3AC: 06/24/87 1110-1645 MY C02 ADJ R IN 87 

AIR = 0.00 02 % = 3.68 CO % 0.00 Cal x 15.41 502 %.. 0.00 
.. .578 LB/lB FUEL 

5.39 
DRY AIR 10.65 MOIS AIR = .053 MOIS ADD" 0.000 H20 
DRY .. 11.073 GAS ~ 11.704 LB/LB MOIS GAS. % 

AIR '" 
DRY AIR II. 
DRY GAS'" 11. 

= fl243 

0,00 02 % 4.74 
MOIS AIR:::: 058 

tJET GAS 12. 
.255 AH LKG, 

8 

CO X '" 
MOIS 

%.. 7,05 

0.00 C02 % = 14.28 
0.000 H20 '" 

MOIS GAS, % 
GAS LVG AH ( 

Sal % 0.00 
.578 LB/lB FUEL 
5.07 

LKS) 332.5 

1 1 1 
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TEST 

EXCESS AIR - O. % 
DRY AIR .37 MOIS AIR -
DRY GAS .7 WET GAS 

EXCESS AIR - 0.00 02 % - 7.40 
DRY AIR .48 AIR 
DRY GAS WET GAS -

AH LKG, % 

MW USING 

CO % - .84 
FUEL -

GAS, % 5.52 

C02 % 802 % 
H20 FUEL 

FUEL MOIS GAS, % 
27.51 GAS LVG AH 

1 

TCH 87 

0.00 
FUEL 

.3 

1 



TEST 1110 850 MW USING TCH-080387 

CALCULATED AH GAS OUTLET 

LVG ENT LVG ENT LVG TOTAL 
ECON PRI PRI SEC SEC LVG 

AHiS 

02, % 3.68* 3 7.40* 3. 3.93 4.74* 
, % 15.41* .84* 12.12* 15. 14. 14.28* 

EXCESS AIR, % 16.4 13.3 47.3 16.4 22.4 25.7 
H20 IN GAS, % 5.39 5.52 4.43 5. 5.16 5. 

T AIR, F .8* 460.5* 88.5* 9.0* 
HAIR, 7.7 2.1 
T AIR CALC, F 460.9 .6 

T GAS, F 752 0* .0* 298.5* 5* 320.3 .7* 
H GAS, 54.3 60.1 59.4 
H GASC, .1 .9 6:303 
T GAS .7 3 .6 332.3 

WI AIR, 904.6 5169.0 0.0 
WI GAS, .0 740.1 .7 6609.9 6 .2 7867.9 
AH LKG, .6* .3 .9* 

* AH AIR BY-PASS FLOw 536.4 
MOIS IN AIR, DA -

1 



TEST 3AC: 06/24/87 : 1110-1645 : 850 MW : USING CO2 rCB-CS03S7 

CALCULATED SECONDARY AS GAS OUTLET CONDITIONS 

LVG ENT LVG ENT LVG TOTAL 
ECON PRI PRI SEC SEC LVG 

AS'S 

02, % 3.6S'" 3.11'" 7 .40'" 3.68'" 3.S2 4.74'" 
CO2, % 15.41'" 15.S4'" 12.12'" 15.41'" 14.76 14.2S· 
EXCESS AIR, % 16.4 13.3 47.3 16.4 21.7 25.7 
H20 IN GAS, % 5.39 5.52 4.43 39 S.lS 5.07 

T AIR, F 111.8'" 460.5'" a8.5* 659.0'" 
e: AIR, BTU/LB 7.7 2.1 
T AIR CALC, F 538.6 626.7 

T GAS, F 752.0'" 741.0'" 298.5'" 734.5'" 320 9 317.7* e: GAS, BTU/LB 54.3 60.3 59.4 a: GASC, BTU/LB 67. 62.S 63.3 
T GAS (W/O LKG),F 346.7 330.0 332.1 

WI AIR, KLB/BR 904.6 5168.0 0.0 
WI GAS, KLB/BR 7350.0 90S.0 1157.8 6442.0 6710.1 7867.9 
AS L1I:G, KLB/BR 249.8· 266.1 517 9* 

'" DENOTES MEASURED VALUES. PRI AS AIR BY-PASS FLOW'" 536.4 
MOIS IN AIR, LB/LB OA .0050 

1 



."'l-.;;-;, .•••••••• , .................. +.............................. . .............................. . ............................ . 
.....• + •...••....•.••••..•....•...... -t ................. , .••••••• " •••••• ,. •••••••••••••••••••••••••••••• 

....... '-..r.r .. : .... +........................... ............................... . ......................... . 

......... , ........ ;.. ..... +............................ . ........................................................... . 

........... +............................................................ . ............................ . 

:;., ••••• ., ••••• ,.; ••• l': ... !F-."" ••••••••••• ,., .............. + .•••..••••••••....... _....... . .. ,. ........................................................ . 

, •• : ••• " ................. , ..... 1-....................... : •• ,·,~··I·· .. ····r·""··············· .. ·t········· .. ········· .......... . 

.. ······,,·····1·········· .. ·•·•········••····· 

I 1 1 1 



.-

PG·1980·1 

....... ~ ............. -...... "'.,. ................. "' ......... .,. .......... ., .................. " .............. '" .................. "" .................. "' ........... _ .... .. 

•..•• _-•••• - ••••••••••• __ .................................... ~ .• ----.-~ ................................ .I •.. =l.;::-: •• ·····~ .... ················t···-····-.. ··· .. ···· .. ··-.. -i···· .................................................... , ...... -

.............................. , .................................. . 

............................................................... 

.............................. -1 ................................ 1-................................... . 

.......... ; ........................... _..................... •• .. ••••• .... •• .. •••••••• .... ··1 .. •••• .... ••· .. •••••••· .... • 

.......................................................... . ............................. + .... , ................ -. 

, .... , .... , ........... ,.......................................... •···••· .. • .. ••••• .. • .. • .... • .. ···f,,·· .... ··;::;-...... •·•·••• .. • .. ,,· .. 

.. ···· .. ···, .. ····,······ ...... ··1····· .......... ·· ...... · .... ·· 

····••·••·••·• .... • .. ·•• .. ···1 .. ···• .. ······ ...... · .. •·· .. 

........................................................ 

1 1 1 



ATTACHMENT J 

02 VS C02 LINEAR REGRESSION ANALYSIS RESULTS 
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ATTACHMENT K 

TABULATION OF VS AVE AND FLUE GAS DATA 
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ATTACHMENT L 

EXPECTED AIR HEATER PERFORMANCE CALCULATIONS 
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TEST 4A 7 SEC AH / 02 PLANT PA FLOw TCH- 87 

BASE NEw BASE NEw 
GAS WT "" 6286 6827 AIR WT LVG - 5184 5380 MOIST 6.6 5.0 
GAS TEMP ENT 736 GAS TEMP LVG 292 326 EXCL. LKG 
AH LKG, % 3. GAS TEMP LVG INCL. LKG 

AVE COLD END 
AIR TEMP ENT 64 90 AIR TEMP LVG 647 

TEST 4M SEC AH / / MEAS AIR-GAS FLOw TCH-

BASE NEW BASE NEw 
GAS WT ENT 6286 6739 AIR WT LVG "" 5184 5 MOIST 6.6 5.0 
GAS TEMP ENT - 736 GAS TEMP LVG 3 EXCL. LKG 
AH LKG, % 3,43 GAS TEMP LVG - INCL. LKG 

AVE COLD END -
AIR TEMP ENT 64 90 AIR TEMP LVG 647 666 

TEST 4MC. SEC AH / / MEAS AIR-GAS FLOw TCH 

BASE NEw BASE NEw 
GAS WT ENT 6286 AIR WT LVG "" MOIST - 6.6 5 0 2 
GAS TEMP ENT - 736 GAS LVG EXCL. LKG 
AH LKG, % GAS TEMP LVG - INCL. LKG 

AVE COLD END 207 
AIR TEMP ENT - 64 90 AIR TEMP LVG 9 

.. 

1 1 



4M 0SIZS/87 : \.l PRl FlH I 02 I AIR-GAS FLOW TCH-081 
887 

BASE NEW NEW 
GAS WT ENT 924 746 AIR WT LVG '" 837 886 MOl 6 0 5.0 

TEMP 736 1 TEMP LVG 313 264 EXCL. LKG 
AH LKG, " 24. 3 GAS TEMP LVG '" 235 INCL. LKG 

COLD END 195 185 
AIR TEMP ENT '" 77 106 AIR TEMP LVG = 582 529 

4M 0GIZ5/87 : E AH / 02 / MEAS AIR-GAS FLOW 
887 

BASE NEI..J BASE NEl~ 

GAS WT ENT = 924 826 WT LVG = 837 946 MOIST = 6.0 5.0 
GAS TEMP ENT 736 737 TEMP LVG '" 313 283 EXCL. LKG 
AH LKG. X .39 TEMP 249 INCL. LKG 

AVE COLD END '" 195 198 
AIR TEMP ENT 77 114 AIR TEMP LVG '" 582 541 

,-- TEST 4MC: 06125/87 W PRI AH / I MEAS AIR-GAS FLOW 
887 

NEl~ BASE NEW 
GAS WT ENT =: 924 726 AIR lJT LVG '" 837 866 MOIST = 6.0 5.2 

TEMP ENT 731 TEMP LVG 313 262 EXCL. LKG 
AH LKG. % 23.69 LVG '" 234 INCL. LKG 

END '" 95 184 
AIR TEMP ENT 77 106 AIR TEMP 582 

4MC: 06/ 87 : E PRl AH I / AIR-GAS .. 

BASE NEW NEW 
804 AIR WT 837 929 MOIST '" 6.0 5.2 

ENT .. 736 737 313 280 LKG 
AH LKG. X 24.88 249 INCL LKG 

195 197 
AIR TEMP 77 114 TEMP LVG 582 540 

1 1 



TEST SA SEC AH / 02 / PLANT PA FLOw TCH-080587 

BASE NEw BASE NEw 
GAS WT ENT 6286 7055 AIR WT LVG - 5622 MOIST 6.6 4 9 
GAS TEMP ENT - 736 746 GAS TEMP LVG 2 324 EXCL. LKG 
AH LKG, % 5.50 GAS TEMP LVG INCL. LKG 

AVE COLD END -
AIR TEMP ENT 64 AIR TEMP LVG 647 

TEST 5M SEC AH / 02 / MEAS AIR-GAS FLOw TCH- 87 

BASE NEW BASE NEw 
GAS WT ENT 6 AIR WT LVG - 5184 5452 MOIST 6.6 4.9 
GAS TEMP ENT - 746 GAS TEMP LVG 3 EXCL. LKG 
AH LKG, % 5.50 GAS TEMP LVG 317 INCL LKG 

AVE COLD END -
AIR TEMP ENT 64 AIR TEMP LVG 668 

TEST 5MC: 7 SEC AH / C02 / MEAS AIR-GAS FLOw TCH- 87 

'---~ BASE NEw BASE NEw 
GAS WT ENT 6 AIR WT LVG - 5 5270'MOIST ... 6.6 5.0 
GAS TEMP ENT - 736 746 GAS TEMP LVG 330 EXCL. LKG 
AH LKG, % 6, GAS TEMP LVG - LKG 

AVE COLD END 
AIR TEMP ENT 64 AIR TEMP LVG 647 670 

1 1 



-'~ .-~ TEST 5M 06/26/87 W PRI AH 1 02 1 ME AS AIR-GAS FLOW 
887 

BASE NEW BASE 
GAS WT ENT = 924 788 AIR WT LVG 837 
GAS TEMP ENT 736 742 GAS TEMP LVG 313 
AH LKG, 1 20.05 

AVE COLD END == 195 
AIR TEMP ENT = 77 124 AIR TEMP LVG := 

5M 06/26/87 E PRI AH / / MEAS AIR-GAS FLOW 
887 

BASE NEW BASE 
GAS WT ENT 924 836 AIR WT '" 837 
GAS := 736 738 GAS TEMP LVG 313 
AH LKG, % 13.64 GAS TEMP 

AV£ COLD END "" 195 
AIR ENT 77 106 AIR TEMP LVG 

TEST 06/26/87 W PRI AH / C02 / MEAS AIR-GAS FLOW 
887 

BASE 
GAS WT ENT '" 924 
GAS TEMP ENT '" 736 
AH LKG. % 

AIR TEMP ENT 77 

TEST SMe: 06/26/87 
887 

GAS 
GAS 
AH 

AIR TEMP 

BASE 
= S24 

77 

NEl~ BASE 
LVG 

742 LVG 313 
Z .61 LVG '" 

AVE COLD END 195 
124 AIR LVG :: 582 

PRI AH / C02 1 MEAS AIR-GAS FLOW 

NEW 
814 LVG '" 
738 LVG .. 313 

14 25 
1 

106 582 

TCH-081 

NEW 
1020 MOIST , 6 0 4.9 

EXCL. LKG 
245 INCL. LKG 
196 
5 9 

TCH-081 

NEW 
988 MOIST 6.0 4.9 
272 EXCL. LKG 

INCL LKG 
189 

1 

NEW 
988 MOIST 6.0 4.9 
267 EXCL. LKG 
243 INCL. LKG 
196 

NEW 
MOIST .. 6.0 5.0 

273 LKG 
ZS3 . LKG 
189 
534 

1 



ATTACHMENT M 

BOILER OUTPUT CALCULATIONS 

.. , 

1 1 



RB-614 25 Jun 1987 14:42:24 

TEST NO 3A DATE 06/24/87 TIME START 1110 TIME END 1645 

USING MEASURED HP STEAM FLOW 
USING DATA CHOICE 1 

, SAT FLUID 
DRUM, SAT VAPOR 
DRUM, BLOWDOWN 
SH SPRAY 

SEC. 
LVG PRI-Z 

PRI-2 
LVG PRI 1 
CORR LVG PRI-2 
CORR SEC 

LVG SEC SH 
ENT RH-l 
ENT RH-l 

RH-l 
NO 1 HTR FW ENT 
NO. 1 HTR FW 
NO. 1 HTR DRAIN 
NO. 1 HTR EXTR 
NO. Z HTR FW 
NO. 2 HTR FW LVG 
NO. Z HTR DRAIN 
NO. Z HTR EXTR 
RH-l SPRAY 
1st SPRAY 
2nd STAGE SPRAY 
RH-l SPRAY 

P 26B2. 0 PSIG 
P 2682.0 PSIS 
P 2682.0 PSIG 
P 2 .0 PSIS 
P .8 
P = 2562.8 PSIS 
P .. 2614.1 PSIG 
P 2614.1 PSIG 
P 2 . B PSIG 
P '" 2562.B PSIS 
P .0 PSIS 
P '" 2460. 1 PSIS 
P 553.9 PSIG 
P "" 553.9 
P '" 520.9 PSIS 
P = 2732.0 PSIS 
P .0 PSIG 
P 1045.9 PSIS 
P '" 1045.9 
P .0 
P = 2732.0 PSIS 
P 544.9 PSIS 
p.. 544.9 PSIS 
P 753.9 PSIS 

MEASURED 13.8 
MEASURED 11.9 
MEASURED 0.0 

T 
T .. 
T == 

T 
T '" 
T 
T 
T = 
T 
T 
T 
T '" 
T 
T 
T 
T '" 
T '" 
T 
T '" 
T 
T .. 

FLOWS MLB/HR HEAT 

STEAM LVG SEC SH 
LVG PRI-Z SH 
LVS PRI-l SH 

TO 

ON 

6183.8 
= 6183.8 
::::: 6182.4 
= 61 =4 
= 0.0 

LVS RH-l 
STEAM ENT RH-l 
NO. 1 HTR. EXTR. 
NO. Z HTR. 

0.0 
::::: 499B.5 

4998.5 
.4 
• 1 

55.8 

FLOW '" 
FLOW 

LKG 

679 3 F 
679 3 F 
679 3 F 

.9 F 
792.4 F 
789.2 F 
721 7 F 
721.8 F 
790.8 F 
790.8 F 
551.0 F 

1007. 1 F 
627.7 F 
617.4 F 

1009.B F 
479.5 F 
552.5 F 
488.4 F 
800.1 F 

.Z F 
479.5 F 
402.4 F 
627.0 F 

.8 F 

H 
H 
H '" 
H 
H .. 
H '" 
H .. 
H 
H 
H '" 
H = 

H '" 
H 
H "" 
H '" 
H 
H 
H 

H '" 
H 

H '" 
H '" 
H '" 
H 

1.5 
0.0 

.2 

756.9 
1070.1 
756.9 
309 6 

1290.6 
1287.3 
1196.7 BTU/LB 
1196.9 BTUI 
1289.0 
1289.0 BTU/LB 
547.7 BTU/LB 

1463.1 BTU/LB 
1310.6 LB 
1304.2 
1524.6 BTU/LB 
464.3 
549.5 
474.2 

1386.7 
372.0 LB 
464.3 BTU/LB 
37B.l 

1310.9 BTU/LB 
246.3 BTU/LB 

USED C 
USED C 

M 

ON MKB/HR 

3229.8 
= 0,,0 

0.0 
'" 2431.3 

1069 4 
= 0!i0 

6730.5 

1 1 
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\ 

fJFrl'JtH, SE1<.VICE 

";'. r:, I I-: 1 [, E '"D TECIltIO!.O(;Y, nVCE1J 

I 
,I 

- -" .. _---, 
t. Ref. 

Date 
/-J1 TES 1. une 11, 1 5 

Ie e Lwl at:taL'iJed che cRl\~lll<ttion to 
I' () , [cl,' (:al..::ulat illS thH gas ture air 

:3 .. aviLg j fJdividuul /;(;'[S. APeo h,1.s not had t.ime t() 

:, 1,r,',/I,,'Jf:l:, 1, iji'! l:xpe,ti.<"I1CI; wi ArCO to date, i.t is In 
tl." j" d',; wI II be unflcce['t:<.\blc to them, 

s to the test and corrected effie CHlcu;at 0:1 

." '::-.t<l p '1'0'10\l51y lire as fnl ows; 

~e3sured 02 and C02 will be used to calculate exc 5S air, gas fio~, 

air b 1;',( I than C~] atlng and SO': pe:. .. £i:,' 
]1).1(J, 

"l Flue g3S flow heaters will b~ ca.lculated i~ dC2 

\,;,,!. Lh tJiA 

-; : r- ow th:;, Lhi=! air heaters will be cal<.:ul c h",a.:. b,; an,',,, 
ac:::oss tll" a J heat rs. air flow to the p~lveriz ~s will ~ 

!' . 
Y. ~ 

.' . , J' ~ '. " 

ca lculat~'!d dlffl-.!t'ence to air flcl1,;l calc l':ite ~ bas.,.d 
/(,'~S<;; alr l"avinp, the flcol'lomizCl- les~~ 2 % OXCess ai;' [,)1' ,->,,' ,.i;'b 

JnIlltrtlt on. 

T~~ ~f[iciency will be 
ana :;51 s ~ntHr 

S(' ')nrL.lCi ;;. r bl",at.f~r per 

w thin ,02 % e ciency, 

ted on bt')th th~' cor::p 'e Le g6 
well as indi. vidu<11 p ::l:;l,;i.: .t.! 

e The e re;;ulc \V n b os",::.;;, 

rf'f1 t ;!,.,.ncy ~.)rr:tocL",d i.;o cr:llltJ:.:Jct; conr!:lt,lon:;; will be ba\i1i!d .-1'1 

iv •. bal afr h.:;ace1' perfcnmance and as described pre touo,;'y, (' 
h uti~:t: oxit ~ilS enJtu:ce will he corJ:'('cced fot, enter~nl; • 

r tu!:'.:, 3.10 well (is de~dgn ent:E-rinii wei t .'],nd ~~~·..i::l 

r: )';;(:1 L(ij" CUC)!.!':.; to b.3 ,:;upplit.:!d All: Proh('8.t,::·r (n;!:~Jr'-':k'" 

f' ~d ,1 II; [[, S 7 lOa n d 7, 11) . 

"1 ,"T .... 1.1 a is of any .s that APeo ma.y have upon l-~ce p ,l 

.:1"- a r\', que ~\ t' [ !l~ , pl !'~e c;;11 (Phone liG 11 

" .. ) t~~· D 

T, Hen 

1 1 

>' . 

1 



26 0 

/-.l;{ E:::.;!ER TEST CALCULAT!ON METHODOLOGY 

or J'.me 19 convers 

File No or Re.f 
RB 61<'1 

Date 

witb Don Ai 
:: :- "'. ,2 '" ere 0 , I 

. i 1 (, ~":-,!.,/ r;r. r:h) 
cLink I f 
'" conVf~nt tonal 

APeD's concerns and 
an'.mgernent,s, 

cal 

:: ,J:!C; rstiAnG it, APeD's standard culation Ine thod is to Cd: 
g~s O~ to ~ir hea ers d on the economi~ec gas out'et gas 

G " f G''; is pt'oport:!.onf!d to e,1ch air heate);- basod on tbe \~e; 

-' j cf ~,:I!: Ir;~I;sured I,!,klS flt)w entering each air heat.er, .\1, t'L(>\,: thco 
:1.", ",:ct' b2.;ltc.:rs Is cal ated heat balance the gas s f·Le'., 

concern on is unit is sec 
'," ", ,fl·, r~,<:, w.t bE.: [I11~aSuL'f.>(.i directly, HO'Wl;lve Hmpliflg L·,l..' ti ;; 

;1,;: .. () tLe pL'lln<.ry air heatel' gas outlet and (l:;;ice (,f <111 the, "'~, 

gas t:8LS I ane can be measured wi,til the <Ole ECjuivalti'nt ;::0 aI,', 
, ,. Si.rw'.;, t'..:,) out of three loeat~lons can be measured, th", tbiLd ." -;.on 

l .. :: ~;"r s ()\!tlet.) Cdn he calcul.lted aE; accm: te ., 
",', An::'Fr.V, at; flrl/ oJ; the otht;r loc.:Jtions. 

E lew Is an ou~line of 's recommended c ion me Llwd ::. bY' 

nt~[ns 8 slumna~y of the sampl loea i0ns nJ 
ill. be pc rmed at: each lOctltion, as wel as S;(<;?::C:lt:$ 

grld size e test station Wi the exc~pc O~ 0 

1!1ets, the ta tl.lres, 02 am'! C02 w 1 be \N.' t "r,'€! db" 
1 hea,i IJlctlSUrements, t (['.leI fl ) will be Cl Cd~d:- .. 

;J.f:!.3 Ui(,J tptit: and eff:!cl.l~ncy calculated per PTC 4.1, lli2cH L,) ;'; 

!);: :-;",<,1: baler-I:e calculat1.ons ,B,S<W enthal pecific heat of ,::,1;: ar-~,J fl:l", 
,,',j"t' ,,(d • 72 R.1.';",d upon APCO All performAnc,~ rla!a L"<, It,~d (':" 

'I.., ", /-. lljl~ g.;;:; teal p r ty diltll lw is:; til: .d: til d, ,;,' 

'_"(:,:.tiJLl!!, lLis !;I.onld not bf; Interpr:etcd to be lin e"C~lpti(Jn to tb,! FT,: 
". ':':' 1 Codr: jl.::: r:h&t either company's c r gen(-!rll.ted al. fl'J", gas 
~~,r'F-E.<r-iE:s d:::-,., rr.':lrE' acclJraLe than the Figures listed in f'TC .1 dl'.J F~·Ef"'''·ilh:", 

:;V ;,e . t", ;,!"l(;e calcuLd:.ions, includ gas rature lea" 'tJ:.t: aio ? i~ ::.-

1 1 

, 



2 

P',!I.:tl:ir./S t;u t.I.(~ d!l-",,,~'hed cJ.emaf..!.<': of the .!:tcf,ual "ur,'!:;"IL' 
;;{; '",r . Fi s·.!IJ: 1, C (;ulnLe Lh", r .. ,llowllig (ttl!:! ",V<'l:dge ut t.', 

is "f:,i..::tc:d be ow £01: 5 J,J.ci ,bOWtVel:, then.! is 3t1f Lc 
"I ••• i~l (,If,! II! ,,'~ /1':,1:/ b.;: [>(·([Ollllt .. J on Illi iwJi,vidu<I! (-,lr hc;:~,: ... r 

T(J' ,,;1 gas f1 0',1 

02 t .. co2 1 .. 
to air he ters, Calculate 

the econornzler, Bnd 1 i 
pe P,..:' 

• v 

~i. 

1 
, .l. 

c.:. ;:...' 

GiL'; f lrj'"l lJ) j l:d I v idl.li.ll will be c"ill:uLIC0d 

air heal~].,-s (: tt?1i1 

air heater . 

Pi" i" At. ~ ,')t1 ·"it~. 

,e tot,;,l 1 cula 
on the. r',ea;;ured 

1413 - T(')tal 
Total calculated 

/:d!c.Jlfl!:e tll,; :c 
, I., 3 . 

the gas 

4.'\ .,\-

I3 * 

aIr he<lter 

C:J 1 C '.1 1l 

1,,,,ak'lgr~ , l!)BtlL, conventional 

.... iJ.:: ... ;\'«;: l":.;.i..:j [·.~i 

mSi.l:.>ured gas fl(}\,j 1..0 i,: t 

to air he t:~,tl>. 

GllS flow to se k; A!!'s, 
Gas flm, to pdlli.:lc! AH IS 

15B, con~en~ion~i 

ir 

F i ?', r Eo 2 i 8. n e q L1 i val e n t ic of the air heaters t'or f"uq~(::; s of 
/:LJ1~1.~"1 r.g l'Jt~ c lCtllBtion of 

~l",a~er gtiS cl .. ,t racure 
~2 ·~r pecfcrwdoc~ may be 
1 ft !Jlde of the boLler, 

dnd se ouda y ~L 

Individual s~co0da 
f tt~ ~i r 

Cal Ihte total aIr ter Wdhl15, pe PIC 4, 
bd$,ed 0[\ 02 and m(;r151l1"ements at 1 and [15 j , 

I,.,'ab 115A us - w1'lh115B 

cure 11'0 
"L, per PTC 4,3 conventional 

t iJ.i'F rfJ t:ll:~~ f che inC L creef l'Ii:c I 

:"ab 11.5 

r If' 

fo 11 

1 

(Tahl15A * Wahl15A + 

c(~m e t:,l \11"(; 

25At7L, 

"where 

1 t!:1\' lng 
!wac b 

5ANL 

~·~C 1 Lldir.i; l~L: 

ave ~lge 3.i L 

* Wah115 

l.he scc q<.l<HV dit' 

:Ill leI:! L d cO!'d;; 

Entha 

SBNL * lIdS 
~. 

Th:~ t;:-.:halpy of fJ.tl€ gat', 1 0;1 abo",,~ "t\lt'I't. ",. 
~;J_: '-~:.tll in tJH~ I gd a,~ \<h~ll a~ s Cf\{~;P it [I • 

~ ~~ .: .; ~'c' I U (e g 11 :; I ;; a fun c t 1 () Ii () [' ex c t'i ~ S air 1:1 t It il" 1 () C ;] t i 0 ;, i ~i 
,~,~"'::;tt ,~;d rl~ust b~>. ed [or e l()cati',:,n Q. $C[ ,.' ,,~,'.', 

:~i'(' ,1.,1 t.;\(J~Cll 1- Ii f''\1. P,f.,.l,.l cOl'rc;]'lti()n. 
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- 3 

C:c.l(',l.;~:", [l,,)1.:.',t.IH·e i flue ga::; l~",villg the to.L: 

l!>i,dtO i\:111;'21'illf, t.li F im!:Jry <dJ~ h~'(,Lel:, '1' L 

in f Illfl g,<:15 le":"1i ng l1\", 
1" 'J I. J I', {, r: 1.- t 11 (: f {' I r 0,;"./ i 1 , (, q \. {.! til) , 

0114 * 

...;(~r, \·I~.~~r~ ~ 

FO:';: ~~ 

(' ! . J 1 'I' ,1 1 

\i·~jl1L:r.g AL'( 
throll IrH11vi,h.l,,1 ir b<'lii:tL,'." 1,), L 
,1 i tl tIe gi'H,l Up";C j f 1,: it.:." 1\ ~ld i p)' 

. 
It. 

\.: 

1 . 
1 'I 

APro has expressed that it concern testing ~tle cl 

.t: . . 

it 
;';'r:"_';~(:;:'.::n this t.:.nit in tlte det(,rminlltion of 8.t1' 0\", APCO h~iS ad'.!: 
'.L:.~ tj_ ';i S:,Llld,.! ' 4,1 test.:, air flow is determined bent 

,f r On is 

" 
i~ 

h :"i t, 

sed 

,,;,,~,: '.::.:. l.'jl. l)~, m,;!iC~:lI'l:'d y. fill" heat:er air and 8'"' si 
',~, ~);, i,I(. ",'j.::,:d iii iH:C(lldiHl'~e wi 'H:G(~pted PTC 1,,3 pt(I<"'('Il\lr"s:, Th.;) 
·::',~:~::.~;:",r gcs Oil lc·t, 5 c nir ht.::at,!r £,8 inlet.. an'.1 <-ttL d~l h;:,,, <':1: a r 

s 

'- : a~d a[r outlet conditions can be measured in accordance with accep:~ p-
') F~~r; I-'J:: ;::{;:c!".lres. The composite gas 1 all of th.::! air r.eaLoll:S C""il' be 

,":,_ 'H·r~ l..:i~,h 'I C pt(,d PTe proct'dUl.:'(i5. The calc 1 ("10 of ~l:1(~ 

.. c;lf~",r ill;: b':a:'(;r gll~, outl.et c:owlitionh mass b.l ,H~CI~ is it,.!el',:::cal 
.:j :~::~ ftI: i(:es lind has no inlle:.reI1t errCiL. w11ile tl1t! side to side ::.o:;:pcs· t~ 
cC.~·.,"".<,:'s i~' {"lot d':fin",d as well Cl,3 with duct;;:;, till. ir.g cl-,c ,'i"c 2.~>? 

! ,': :.~ (: 1 h.df (;f lll ... bu 11', if;. i[; p~)s:dblu t.O !l\:lt. .. , tlH' pt:'l·f ;' ", 
j 'J 

, UY.;":' s evaluotlnn of the tl~st and Glllculation p ::,:eL~',:j;:t2. is 
unc,: Lainty ov<-'1: <lnd Above ';·-Ill a 11i,;l:llll.'Ol where Lilt' ::l 

.ltll'o:' condition.;:; Gan be 1Il1~H!)ured dlll;:'C 

1 additional uncerta I it is e5S eir 
a q~an !fied manner. In does A?eo ,-'or:,::;.i ,:e t' a 

!.; ,it: Ill' /JrJq,~ 1oIh~1I Lhon': Ht'/;' Ii 'l ptll' n tie! p r Lm.tl 1 H.: " L !-Jp hE.J.·\/f~ t;:(:n at temp t; to do evcryth flg wi 
. " :." '- "-.- ricsir;;;:::;. 

T, C. Heil 

1 1 
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VI'~L 1(; TE~ll' S.'\':' ~J:. , 1'(11 '.;"'$ 
liD l'}{ESS 

S;::c: AH r.IR " + + , ? :, 
~ -r' /'~.H nr. rl' '~r + + ., .' ~ ""'J .t .. 

r:, ..... rjl,.,' Cf~S OUT + + + + 1% 
....... ~J '~_ • 'I 

!: ~~G F0f;r~-'" IN + + + "\ • r"'! "_" LI'.J ....... 

.dHi 

'C'r ;\1{ GAS I" + + 1 38 
~_ ".r .1 

r-':-r 
:\l~ OllT -/-.: :: ,-

PP I PJ~ AIR !tl + + 12 r All 1l.T R + + I- 30 

1~ :<. i ,\li (", ,;. (" It/ + +, + + 36 
<Jl"':.w 

""'" ........ !I GA.:; O:}T + + + -I-
!'.;", .i 

.,; ... 
C':::LCi 1E TO 11 I U.S + S 

AH DATA 

~. !- 87 -1 

1 1 
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,,. 

a McDermott company 

4, 1 

Kansas 

Attn: 

Corres. 

Gentlemen: 

,. 

Power Generillon 

20 S. Van Buren Avenue 
P.O. Box 351 
Barberton, OH 44203·0351 

753·4511 

I 
Correction Curves 

No. : 

Please find attached of our recommended test and correction 
calculation Included in 

Article 4, Section Gl of the 
correction curves for air and 

ThE" 
of 

te~~ conditions to 

with 

tests, 
at least 
avoid 

coal air 

air pressure 
air 

with excessive pressure 

set at 

and 

open to pressure 

I 1 1 



.' ... 

4, 1 

your test p 
test 

any or 

yours, 

CAP:nk 

cc: 

RJ Clark 

1 1 



TEST 

AND 

RB-

, . . 

I 1 1 



The ASHE PTC 4.1 does not address how Is calculated 

for units 

heater. Also, B&W 

air fans and a 

to use the 

as 

calculation method. 

to the 

excess air 

rounded off 

, the attached calculation sheets, CS-! 

and included as attachment 2. 

Code 

To facilitate 

cs- have 

1. Calculate er convent Reheat flow be 

$AS 03 

feed water heater extraction steam flow, 

measured extraction steam flow the 

86 

feedwater heaters Is to 

Turbine seal and 

data or 

3. .10 of specification 

shall be used for all calculations 

-1 

outlet and the 

steam 

taken 

ash 

.. 

I 1 1 



-3. It 1s recommended that the excess air the economizer and air 

heaters be calculated us measured 02 In the gas, per CS-4. 

This method is taken from PTC 19.10, 6.04.1. Us 02 to 

calculate excess air has several 

Allows the use of a continuous 

- Excess air versus 02 is relat insens to the fuel 

is: 1 .. excess air is constant for a 02 the range 

of fuel the test, whereas, C02 varies 

the fuel for a constant excess air. 

method for 02 and C02+S02. 

air and gas for contract excess air. 

Validation of orsat 

results from 

of the average 

orsat 

- To be cons valid, 

orsat location shall fall within 

flue gas 

average 02 

0.2 , 

of all 

If a 

results that can not • the 02 

results for orsat 

assumed correct. 

4. Calculate 

and 

loss. 

SAS 03-26-86 

heater 

air and we 

that are not 

and corrected air 

) per PTC 4.3 

the calculation of 

the boiler. wet gas 

flue gas. 

tolerance 

CS-2. This 

the 

to 

balance 

for lr resistance and dr~ft 

-2-

I 1 



,..--, 

'-

S. 

6. 

The average air unit is the we average 

of the measured air flow to and the calculated 

air flow to the air heaters. 

s the unit is the average 

of the the and air heaters 

flow the air heater is 

calculated heat balance based on the average a 

The gas flow 

from the 

air 

This 

Calculate heat losses 

'a' 'b' • 

- liT :It C 
mA' 

heater and • and the average gas 

the air 

the air heater is calculated 
.. ~ ,-" 

the total gas and the 

heater gas 

is outlined on CS 5. 

and per standard 

moisture in air loss: 

T ) x 
ae 

/ HHV " 

ASHE Form 

7. and unaccounted 

SAS 

o. ASHE PTC 4.1 

3.01. .S In spec 

economizer gas outlet, to the 

is assumed the 

for losses. 

86 3 

I 1 1 



In order to evaluate the results of the 

must corrected to ine or contract 

be corrected for contract conditions are 

Performance fuel • excess air, 

test, the heat losses 

ftlons. The items that must 

is to as 

the air and poss the gas we it between the 

and and air heaters. The correction 

calculations are described below. 

1. The unburned carbon for the Performance coal be sumed to be 

to the ratio of the value of the 

Performance to the heat value of the test coal. 

- eu s I HHV 

2. the for the Performance coal and Contract 

Sheet 310-0-1S0) excess air to CS 4, 

calculate 02 for 17 , excess air. the unburned carbon 

determined above and the Performance coal is, from: 

[5] + 0.13068 [3] x [12] 
. , 

from CS Calculate 

per on CS 2. or 1 25 on PTC 4.lh. 

3. Use 

0.0067 

Contract value moisture in air, 

~, SAS 03 26-86 -4-
I, 

I 



~ 

( 

4~ Correct the air heater outlet ) for 

"'---
SAS 03 

\lhere 

The 

air 

the 

per PTC 4.3. 

T 
G2 

- Des 

Sheet 

gas outlet 

on the Contract 

and 77 F 

7. • or 

x - T 

air ture 

Sheet (64 F 

the 

to CS-S: 

air 

air and corrected air heater 

calculated above are utilized to calculate 

from moisture air losses. 

tests should be conducted with the air 

heater gas values for 

air heater gas and air flow at full load 13.0\ and 20.1% 

The 

avoid excessive gas 

air heater 

event 

air heater gas flow shall be controlled to 

the air beaters. The 

should be 

outlet 

and 

corrected for off des 

In the 

air 

air and gas 

1.1 and 1.2. The air and gas flow corrections will 

on correct air beater air and ga. flows to tbe 

des values for 

gas flows will then 

• The 

used to correct the 

air 

air 

h.ater gas outlet 

be additive to the 

ture. The gAl ture corrections will 

calculated in four above. 

-86 5-

I 1 1 



1.1 and 1. were based on expected and 

se air heater A more accurate way to correct the 

air heater gas outlet for off des flows would be to 

s 1.1 and 1.2 on actual heater If it is 

to all ies. and an air or gas flow correction 

1.1 and 1.2 will revised. after 

tests, to reflect actual and air heater 

6. The measured air resistance shall be corrected the 

ratio of the contract we to the test air we 

above. 

corrected 

test gas 

• the measured gas side pressure 

the square of the ratio of contract gas we 

of the 

as determined 

will be 

to the 

7. The s pressure be of 

ratio of the flow at conditions to at test 

conditions ;". If the fluid side pressure differs from the des value. 

~ measured pressure will also be for the average 

volume due to the difference between measured pressure 

and pressure. 

, 

SAS 03 6-86 6-

I 

, ' 

1 ... ____ 



TH BABCOCK a WILCOX COMPANY 

.. - .... ~ .... 

-_ ........ '" 

'--'--.... _-.. -." 
.A. 

I 1 1 



TH BABCOCK a '\h IL.COX CO"~hl ... N l' 
'It: , It·· 

I' 

---;---_._ .. __ .- .. 

. i 
~ ..• 

-:t:'--:7 .•........ 

• 1.".11&, 

I 1 1 



· ' 

Area- 4 * 8S 

unaccounted for 10lses- Lr + 

Lr 

+La 

1- Heat loss in 

La Sens beat 

340 Feet 

Assume radiation rate to ,000 

Heat 

As a UtIle 

HliV-

7 

SAS 

LB 

7 

* 3. 

ects 

* 3, 

o. 

-7-

ects 

ash 

I 1 1 



, . 

contract fuel Ash 

HHV contract fuel) 

Assume O. 

Total refuse 

Us 

66F air 

O. 
O. 

SAS 03-26-86 

fuel 

.00 + O. OIl 

ash its 

8 

.00\ 

mass * (0.2 * 

LB 

refuse at 

of refuse acon and AH out 

1 1 



dure: 

, Heat loss to 

Losses: 

Bottom ash 

Econ 

All ash -

Heat 

Summation 

-26-86 

to 

est 

(.07) 

(,03) 

( . 

'* O. 
O. 

sensible 

'* (. 
'* (. 
'* (. 

'* 
'* 
'* 

refuse - • 

O. 

9-

flue dust-

) * 
90-66) * 

+ O. + O. - O. 

I 1 1 



, . 

wner 

nlme __________________________ __ 

F 

.E 

51 

I 1 1 



, . 

'I F-I.ih In fUf'l 
MH\,' Or FUf 1 
FUi) M.II FJo~ ~.t. 

f:'EFUSE CFlLCUU1l1 

~ bv f1 , 
lst 1.1 .... , to IT. 

I< 1 blT,/hr 

Hrl'SE tJt=.,.A AT EACH COLLECTlOII LOCHTIO~I 
A. If HHV of refu,e rlpor,.d -.en"r In Col [S) and calcul.,. tol "l 
J. If % Carbon in 'ua rlporl,d ,nltr in Co' 'tl 
C Ent,r _, ur,d rt'ual ,Jow rat,s in Col [4J. Whfrl t'us. 

u r If d t ; I!'I at til i I and n 't t r ; r. c: '=' 1 r ? ) 

i(lfusI HHV 
Ji:,'uSf 

J::'t ul' 1 t·m 
P 11'1. % 

tCO" [4]/[':') 

tIJAtlel/(le~-tlel) 
l( .... (1ee 

K'to~ hr (til + till) ~ 13l , leO 
" + ) :( / 1 ec, 

1 to II. . 1 e" ;t. ,. u ([ 1 J [ 1 1 J } 
( . )~ ,( 

DH1E LORD 
E ~ID: 

C '::;1' u",t 

W'td % 
[<e:)x[1J"lH' 

t"C' 'I II 

I 1 1 1 



· . 

27 

Lb. rtfuse: per lb. fuel burned 

X 100 

) 

UN Economizer OIJtlrt v,IUI'II 0.7685 

LbL moisture in flur Qa$ prr lb. at fired fuel , 

• Lht. rnolltul"I Pt!' lb. dry Ilr 11 bollt!' Inllt. DIn,'n«:! from 
prvc:hromltrlc chi" ullng IIITIbilnt Ilr tlmPlI'ltUf' and ,.,.11\111 humlditv. 

u. v.lutl from ECONOMIZER OUTLET. 

u. v.lun from AlA HEATER OUTLET. 

100 

16 & 17 

I 1 1 



HEAT lOSS EFFICIENCY 

HEAT lOSS DUE TO DRY GAS" 
(ITEM 271 (ITEM 7 ·ITEM 51-

HEAT lOSS DUE TO MOISTURE IN FUEl. 

HEAT LOSS DUE TO COMBUSTIBL.E IN REFUSE 

X ITEM 413 

ITEM 23 X ITEM 20 • 

NTHA!.PY OF 
ATTITEMS 

USING THIS VALUE GO TO GRAPH FOR RADIATION LOSS 

HEAT lOSS DUE TO MOISTURE IN AIR 

ITEM2S X X 

HEAT LOSS DUE TO HOT PRECIPITATOR 

ENTER VALUE FROM CS..c (ITEM 481 

UNMEASURED LOSSES 

TOTAL RIGHT HAND COLUMN 

EffiCIENCY '00· lTEM., I 

X 100-

X 100. 

x 100" 

.:..:...:::.;.::;...::..:;: X1OO-

I 1 

HEAT 
LOSS '!Ii. 

1 



. , 

cn 

Ent. AH 

::s 

• I 

• 

,nc. 19. JO, h .1 

1 1 



i 

. 
• 

TEP1P. IHERING 
TEP1P. LEAVING (EltL. 
n"p. ENT 1 

Al~ TEP1P. ENTERING nIZE~S 
P~l"ARY AIR ow 
F' I. FL 

ICE55 AIR L ECON 
Y AIFI CIt,. ·2' 

0)5T E IN AIR 
OT~L T 5 FLOW (It,. 30, 

1ST E IN G~S (ltf~ ,C 2) 

FlA. 
F 
F 

F 
B/H~ 

B/HF< 
X 

U~'fLB FUEL 
LIl/LS AIR 

) lfl/L8 F L 
IL~ 

100 x [Ill I (1~) 
T AIR 

X 
IoTU/L~ F 
fjTU/Lf:! F 

Klfl/HF< 
] ) 

T BAS 

tSl 
( ] I tl7) 

llSl I (16l 

1 [ 

AJR £NT TE"P [Sel.(IA]+(l [lB])xl~ 
& L "P 119lxI2A)+Cl-IJS)Jx[ 1 

B/Hf< 
IHF\ 

I 
AH 

19. 

1 

SEC 
AH 

1 
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INTERMOUNTAIN POWER 

INTERMOUNTAIN GENERATING STATION 

UNITS 1 & 2 

PERFORMANCE TEST PROCEDURES 

1.0 INTRODUCTION 

s outl the tes to be followed for 

the test t 1. The purpose 

of the test the 

and of the of mark data 1 

so The same may be used for test t 2. 

The test 11 be conducted 

& Veatch 11 tation 

as red: The cycle i and data 

11 be 

rements are 

Collected data and correct 

Data 11 be collected several 

, from the Control and 

trument s ed 

Several tests at t loads 

11 be 

The data se test runs 

to be used 

calculat 11 

and 

tests, correction 

t and 

and 

At the t test 

the t te t 

results. 

The is fuel used 

the 

the 

11 be conducted and 

of the 

be 

results. 

results 

11 be 

for 

lon 

for son 

test should be 

to of test data to det the 

of 

ult 

051386 

ts rect 

i ired may be 

1 

on 

tem, and 

and ler 

data 

er 11 so 

test 

or 

The 

ySlS 

::- .-

1 1 



-~ , 

' .. ~ 

scheduled to 

the test 

the t has 

the test. The 

t for a 

from one to three 

steam cycle should be 1 

t should be and 

test run 15 

and the o 

to assure that 

possibl. Combus ion tions, rate of flow, rate of 

, the 

much as 

flow, 

water 1 drum, excess , and controllable sand 

pressures 

test run. 

1 be as constant as possibl of the 

The test runs should 

becomes s 

pass 

and each run 

For runs to 

ad of t 

1S reached and cant 

the run. 

It is recommended 

valves de open (full load), two at 

two at the second valve po ( 

pressure th open 

be started one the t 

s duration if 

out ch the t can be 

run should be tarted as soon as 

until condit necessitate 

of seven tests be 

rd valve ( 

load) and one at 5 

li ). 

two at 

load), 

over 

' .. 

1 ,.: 



Several read should be made at each to 

values of the t of the unit at that specific load. 

All observations, measurements, and trument necessary to the 

ect t shall be recorded as observed. Should 

istencies the observed data be detected during a run or the 

ion of the resul s, the run shall be ected , or may be 

the ted data is at the or at the end of the 

run. A run that been ected shall be if necessary to 

of the test. 

The outlined s follow 

recommendat the ASHE Power Test Codes for test 

steam ts. When tested s taneous 

benefit the ASHE test data, 

of all 

The data the test runs 

11 be zed the Performance Test 

and 

th 

lable for 

& Veatch. s document 1 be issued after the tests have 

ed. 

1 1-3 

\, i..:' 

' .. 

1 1 1 



; .. 

2.1 

TEST PROCEDURES 

2.0 STEAM GENERATOR 

TEST METHOD 

The Steam Generator Test will be conducted accordance 

th the outl ASME Power test Code, Bullet 

• 1. truments, where pass 11 be used for the test • 

connected to test on the ductwork 11 be used for the 

gases. 

There are two methods the ASME Power Tes Codes for deter-

the of a steam or: the Heat Loss Method and the 

Method •. The Heat Loss Method more accurate deter-

of the effic the steam an heat 

10 is the contract basis 

The Heat La Method is accurate and 

data 11 make it poss all and 

heat ts. The eff iency then is to 100 a 

loss expressed The total heat loss 1 made up 

of the sum of all heat 10 es as the numerator, and the heat 

the ts as the or. The heat loss 

method 

Loss 

losses and heat 

upon an accurate 

ts. The accuracy of the Heat 

ult is of 

the fuel 

the cal 

is break the 

are combust 

s are 

constituent 

the 

tests, it i necessary the steam be 

sootb1 as these it cannot be 

measured and rect fect the eff of the steam 

also been assumed that 11 not be used and no 

steam 11 be red to ve the boi pumps. On the fol page, 

F 2-1 demonstrates expected Heat Loss Method. 

2-1 

1 



F.D. FANS 

I 
AIR 

HEATER 
I 
I 
I 
I , 
I 
I 
I 

SPHT I 
SPRAY I 

I 
MAIN STEAM I 

I 
I 
I 
I 
I 
L 

HEAT SUPPLI 

FUEL HIGH HEATING VALUE HHV 

AIR 
INLET 

1.0. FANS 

----- , 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

STEAM GENERATOR I 

FEEDWATER FLOW 

LOW 

STEAM 
GENERATOR HOT REHEAT STEAM FLOW 

H.L. IN DRY FLUE GAS LEAVING A.H. ( ) 

STACK 

HOT 
RHT 

.......;.------11 .. 
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The data obta 

two sets of 

the of the tests 

of 

11 be used to 

t and the 

1S ant that the 

of 

mark can be 

led de 

t, based on conditions, be so that a 

the i to tor 

A ion of each one of these s 

sect T' 

The results of the t on the i of the 

instruments and used for the data. The code has 

det 

test 

the 

tolerances and 1 ts of error that can be ed when 

that From 

error steam 

measurements is 0.33 

2.2 STEAM GENERATOR GUARANTEED CONDITIONS 

The steam should be for 

t stated the contract. Guarantee 

are listed Table 2-1. 

2.3 ORSAT SAMPLING PROCEDURES 

The of a team is 

of the flue gases. The flue gas is 

measures volume of and 

The presence of CO 1n combust process 

it can be 

effi ency from the 

t 

on the 

for the team 

normal the 

made a e Orsat 

the flue gas. 

ch 

icates ete combustion 

and is normal flue gas very small it 

of CO the gas ream i to occur, espec th 

1S 

If s amounts of CO are , it must 

be 

des 

1 

measured and the 

very 

for an accurate flue gas 

the number and 

heat 

of 

loss 

2-3 

calculat 

The 

es taken 

a 

and of e 

on the 

1 1 



TABLE 2-1. STEAM GUARANTEE CONDITIONS 

Out ( ) 6, 000 

Outlet Pressure (ps ) 2,515 
Feedwater Inlet CF) l' 

Reheater ) 5,000,000 
Reheater Inlet Pressure Cps ) 5 

Reheater Inlet (F) 620 
lls 7 

Excess r C::O 17 
(F) 60 

Moisture ( r) 0.0067 
Baromet c Pressure (IN.HG) 25. 
Fuel Coal 

1 2-4 

1 1 



to 1 th the Orsat trument and to assure that the 

results are reasonable. 

The s used for the is of the flue gas e the 

Orsat trument are affected 

become unrel 

the combust , and a od of 

t , should be 

lled th a new of 

, the Orsat 

s before the is used the 

the test. 

2.4 FUEL SAMPLING PROCEDURES 

contract res fuel to consist of one 

from feeder, , and accordance th ASTM 

standards. 

In order to make an accurate moisture 

t for s purpose be the 

non-corros r t and sealed 

should be made to los of moi ture due to strong drafts at the 

of sture should not be or 

crushed the 

The is at constant volume a 

However, the fuel is burned at constant pressure the 

steam The may be converted one of the methods 

the code, but for is about 0.1 

error measurement of heat i + 0.5 ) . 

. ~. 

1 



2.5 SAMPLING 

Measurement the hies of refuse 1S 

loss due to unburned combustibles the 11 be 

the from the bottom 

ther the or 

of unburned combust ch will be assumed to be 

for each locat The 1 and average- heat 

refuse 

expected 

for 

f ash, 

The 

11 be 

s 

us the ash content the 

ion between the don , and 

The st , from the contract, is 

bottom ash, and 3 zer 

losses zer 11 not be 

ical. The 

, and 

carbon, will be 

the 

to 

heat 

be 

of the 

th the 

2.6 TEST DATA AND CALCULATIONS 

After the raw test data , correcced, and , the 

be assi 

the calculat s 

th test data or 

0.5 tests should agree 

In order to 

this section as s 

ze the data 

s pass e, 

for the tes s as lows 

(a) 11 not be 

(b) 11 not be 

(c) No apprec unburned 

(d) No 

outlets and 

(e) No of 

The from 

1 be -made should be to 

the measured data ion and 

11 allow for of any 

Efficiencies det from icate 

red and to make the calculat 

are based on the 

data 

or combust the flue gas. 

between the zer gas 

s. 

data 

condit for ch corrections 

to test 

14: 
2-6 
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2.6.1 

1 Fan room at , % 

2 Fan room , F 

3 flue gas outlet t , F 

4 r ter flue gas t , F 

5 , F 
l' 

r er 

6 r heater r outlet F 

7 zer flue gas outlet , % volume 

8 zer gas outlet , % volume 

9 heater gas outl , % volume 

10 r heater flue outlet , % volume 

11 Carbon ult is, % we 

12 1S, 

in red ult 

trogen as-fi red u1 t 1S, 

1S Su1 ired fuel 

16 Ash s-fired ult 

17 Moisture red ult 1S, % 

18 value lb 

19 Unburned carbon bottom ash, % 

20 Unburned carbon zer we 

21 carbon ash, % 

Coal flow, Ibs 

1386 
M 

2-7 

1 1 



.6.2 

23 refuse lb as-fired fuel 

100 [ (Item (Item 21)C90)] 

,,' 
24 Ib e 

x 14, 

25 Carbon burned per lb as-fired fuel = 

26 

27 

28 

100 14,500 

Lbs r lb as-f 

[ I tern 25 + .::=..:= ..!..=..=:::.:.....::..:::...:.. 

0.7685 

Lbs moisture per Ib et 

Obt from 

r at boiler 

c chart us Item 1 and Item 2 

Lbs moisture flue gas per lb as-fired 1 = 
8. + (Item 26 )(Item 27) + .:..:::.::.:.:.:......:..:.. 

100 100 

Lbs per Ib r = 

12.01 (Item 7) 

x [Item 25 + .::-=..::..;;;..;;;;. ..:...;;;;.=:.:.....::~ 

32.07 100 

r 

1 1 
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37 

38 

39 

40 

41 

Heat loss due to moisture fuel ( ) 

( ) 

x 100 

Item 18 
,. 

Where: enthalpy of vapor at 1 ps and Item 35 

enthalpy of li at Item 2 

Heat loss due to sture combust of ( 

8. x 

x 100 

Heat loss due to combustible refuse ( 

x 100 

Item 18 

Heat loss due to ( ) 

Obta from ABMA S Loss Chart 

us Actual Out 

Unmeasured los 

Use assi 

Efficiency ( 

( 

Item 22 x Item 

) 

of 0.5 

) 

) 

- (Item 36 Item + Item 38 + Item 39 + Item 

,'j 

2-10 

) 

+ Item 41) 

>\ 

1 1 1 



2.6.4 

corrected for e t 

(Item 4 Item 5) 

Corrected heat loss due to ) 

x 100 

Item 18 

heat s due to moisture fuel ( ) = 
I} 

x 

Where: I = enthalpy of vapor at 1 ps and Item 

Ii at Cuar Inlet 

46 Corrected heat loss due to sture from combust of 

( ) = 
"- 8. x ( I - I) 

x 100 

Item 18 

47 Corrected c ( ) 

100 (Item 44 + tem + Item + Item + Item 40 + Item 41) 

05 2-11 ::d 1 .. 11 

1 1 



.-,~ I , 

follows. 

• 
• 

• 

• 

• 

• 

• 

STEAM GENERATOR EFFICIENCY TEST PROCEDURES 

tests boi 11 be made on basis of the 

s method accordance th AS ME PTC 4.1, and as 

No heat ts 11 be measured. 

No heat ts 11 ass 

Carbon los be 

Unmeasured and unaccounted for losses be ass as 0.5 

(See Attachment 1 for est of the unmeasured and 

unaccounted for losses.) 

be 0.5 

heat loss 

Loss Chart, 

be 

and reheat steam 

accordance th ABMA Standard 

PTC 4.1 

between icate tests will 

11 be 1,005 F or 

10 F. 

11 be corrected to the ed value, if 

red. 

The test 11 be capaci Two offic 

11 be made th a 1 out of 

test runs at 11 be 

made 1 One test run 

each 11 be made for MeR, so capaci 

the t us the normal 

recommended B&W for the 

test run. two 

the start hour test run. 

Fuel 11 be one from 

11 be accordance th ASTM 

tandards. A special 

11 be 

11 be from the 

a non-corros 

This e 

r t 

11 not be or 

and 

t. 

1 1 



\. 

• 

• 

• 

• 

to 

Test 

sture 

a short 

ete 

11 be 

IPSC 11 

1.s. An test lab 11 

test observat 

th proper correction for cal 

of fuel between the ler and 

stack 11 be measurement of the stack gas dust 

In absence a measurement, but 

between the ler and stack 11 be 10 and 

bo 10 1 be broken down 
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UTEM:m liTEM 7· ITEM II 

HUT LOSS DUE TO MOISTURE IN fUEL 

HUT LOSS DUE TD COMILlST.'LE IN REFUSE 

X ITEM.3 

ITEM 23 X ITEM 20 • 
USING THIS VALUE GO TO GRAPH FOR RADIATION LOSS 

HEAT LOSS DUE TO MOISTURE IN AIR 

ITEM 25 X X 

MEAT LOSS DUE TO HOT 'fIIECI'ITATOR 

ENTER VALUE FROM CS ... "TIM ,., 

UNMEASURED LOSSES 
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of Test No. Date ---- -------
Test 

Plant name _______________ _ flow ___________ _ 
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The calculations the average of % carbon in refuse (Item 44) and % refuse 
in fuel burned (Item refuse is the solid left in the boiler after combustion, and contains 
some of the ash from the fuel. Since combustion is never all of the combustible constituents in 
the fuel are not burned and these also make up part of the refuse. These constituents that are not burned 
are called unburned combustibles, and are in percent. In this case, 90% of the total refuse went to 
the stack, of which 14.3% of that 90% was unburned combustible. Likewise, the other 10% of the total 
refuse went to bottom ash, of which .98% was unburned combustible. refuse Ib 
refuse per Ib as-fired fuel) can be calculated as follows: 

(Item 10 

= + 

.... ,.,.rn'n •• '.T" .... Ci in 
in n".1"1',"n'1 

(1 

u 

= x =~~= 

in must next. 

in 

X HHV 

1 HHV 

* Item may 

9 

3 

I 1 1 



1 ASH IN FUEL 
2 HHV OF FUE 
3 FUEL MASS FLOW RATE 

0/. BY MASS 
____ BTU/LBM 

KLSM/H 

REFUSE DATA AT EACH COLLECTION LOCATION 

IF HHV REFUSE REPORTED· ENTER IN COL (5) AND CALCULATE COL (6)_ 
IF 'It CARBON IN REFUSE REPORTED· ENTER IN COL 
ENTER MEASURED MASS FLOW RATES IN COL WHERE REFUSE 

NOT MEASURED AT ALL LOCATIONS. ESTIMATE AND ENTER IN COL (7). 

REFUSE 
MASS FLOW 

LSM/.HR 

HHV 
REFUSE 

STU/LBM 

+ 

x 

4 

) X 
I 
/ ( 

/ (100 

/100 
I 100) 

/100) 

WTD AVE "I. 
X(7)/100 

I 1 



Heater 

% 

X 100 

x 100 ) 

Lbs. dry air per lb. as fired fuel 

11 

Use Economizer outlet values 0.7685' 

Lbs. moisture in flue gas per lb. as fired fuel 

- 8.936 c:.:::::;,:,:,:,oo"':"":': + + 
100 

air at boiler inlet. Obtained from 
ambient air tamperature and relative humidity. 

27 

32.07 100 
Use values from eCONOMIZER OUTLET. 

28 
) 24 + 

32.07 100 
Use values from AI A H EATE R OUTLET. 

(Item 28 27) 
from psychrometric chart. 

7 
• Specific heat of air 

= Specific heat of flue gas 

5 

I 1 1 



Item 42· Refuse in fuel burned 

X 100 = 14.06% 

Item 43· 

1880 Btu/lb 

Item 24 • Carbon burned per lb. as fired fuel 
6 

100 X .6654 - .0172 .6472lb/lb 

12.24Ib/lb 

Item 26 • Lbs. moisture in flue gas per lb. as fired fuel 
~Jm 6~7 

• 8.936 + (12.24) 1.0061) + •. 5604 Iblfb 

Item 27 

Item 29 • Moisture corrected term 

(16.63 - 12.60) .0246 

Item 30 LbI. wet gas per lb. fired fuel air helter 

• 12.60 + .5604 13.16 Ib/lb 

Item 31 • LbI. wet gal per lb •• 1 fired fuel air heater 

Item 32 • 

16.63 + .5604 .0246 '" 17.22Ib/lb 

.c:roas air he •• r 

• Jll~J3;L. '!.!6 
13.1 

X 100 = 30.85 

Item 1 . Corrected exit gas temperature 

• 30.85 (.242 + 318 = 392 

Moisture in gas ,. x 100 .. 4.26% 

+ 

+ 

wet basis .. At average gas temp. between corrected and uncorrected 
outlet 
Assume outlet corrected 356.5 

'" .255 

wet basis = At average between air inlet and gas outlet temp. 
+ .. 191 Moisture content'" '" .0061 

.242 

11 

6 

., 12.60 Ib/lb 

16.S31b/lb 
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= + + 
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+ 

1 + + 
+ 

44.01 (Item 8) -+ 32 (Item 9) + 28.01 (Item 10) + 28.02 (Item 11) ( 
Item 24 + 

= ------------------------------------
12.01 (Item 8 + Item 10) 

44.01 1) + 32 + 28.01 + 28.02 
( .6472 + 12.01 

12.01 

1 1 



44.01 + 32 28.01 + 28.02 

12.01 + 0) 

= 

AL can now 

is as 

15 -

= + + 

+ + 

+ 

= + 

1 16 

x 

= 1 
--~~~--- x 

11 

.6472 + 12.01 
32.07 

is a 

) 

I, 
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No. 0' cooled lurnace walls 
4 20 

Wale, wall loclo, 

A furance wall mUSI have al least one third ils 
collered bV water cooled surface before reduction 
loss is permilled. 

Air cooled walls must be uSed lor combustion if 
radiation loss is 10 be made. 

Example: Unit lor max. com. output 01 
400 Btu/hr with three water 
cooled walls. 

loss al 400 = 0.33%; 
loss at 200 0.68% 

.111 .90 .IIS .111 1.0 Air waled waliloctO( 
Actual oulput. million Btu pel hour 

ABMA SUindillfd Radiation LOll Chart 

To locililal8 Ih. use ollhe malOl cOI,eclion which is IOf ai, v.locnY,lhis COllection i. included in Ih. 
Code OIl f iy. 9. Ih" lowe, CUI lie 01 which is lhe basis 0' Ihe ABMA culIIe. 

I 

surface 



ITEM HEAT LOSS EFFICIENCY 

HEAT 1.05S Due TO DRY GAS '" 
.242 A AVG T OF 359 & a MOIST 

(ITEM 271 (ITEM 7 ITEM 51 
12.60 (392 641 1001.7 

HEAT 1..055 DUE TO MOISTURE IN FUEl.. 
6.57 1238 

FROM COMBUSTION OF 
1238 

OF VAPOR 
1 PSIA AND ITEM 7 

HEAT 1..05S OUE TO COMBUSTIBLE IN REFUSE 

1880 

X ITEM 43 

ITEM 23 X ITEM 20· 283.000.000 

USING THIS VAL.Ue GO TO GRAPH FOR RADIATION LOSS 

HEAT l.OSS DUE MOISTURE IN AIR 

12.24 .0061 
ITEM 25 X X 

HEAT LOSS DUE TO HOT PRECIPITATOR 

ENTER VALUE FROM CS-4 

0.5% FOR PUL.V COAL. 
UNMEASURED L.DSSES 0.7% FOR CYCLONE FIRING 

TOTAL. RIGHT HAND COLUMN 

EFFICIENCY 100 ITEM 41 
16.34 

0.1% FOR OIL. 

1000.1 

X 100 

X 100 '" 

~~:-::- x 100 

12019 

11.10 

~~,;. x 100 

HEAT 
LOSS % 

19 

a 

FROM CS-3 
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drain flow from feedwater heater (1000 

estimated total HP turbine (1000 (This is a 

value. A turbine at 

loads is shown in 5-61 • ) 

5.3.3.5.6 calculation of Total Heat 

HO ) + ) + ) + (5-52) 

where HO 

= of feedwater at economizer entrance ( 

= throttle steam 

= cold 

= hot reheat steam 

spray water 

5.3.3.6 calculation of Steam Generator 

==-- x 100 (5-53) 

where n g = boiler (%) 

HO heat ) 

HI = heat 

total heat credits ( 

5.3.4 I:leater 

The heaters are that have influence on boiler 

Their effect 

flue gas exit 

increase as air heater 

on boiler reflected 

flue gas exit 

decreases. Flue gas exit 

in the 

tends to 

may, 

on the other be decreased excessive of combustion air into 

the flue gas in the air heaters. Flue gas exit are, however, 

also affected 

It 

the 

the amount of excess air, which not related to air heater 

necessary to test the air heaters 

of the heaters from the boiler. 

5-134 
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Air heater is described in detail in PTC 4.3. As with the steam 

generator, strict adherence to all of the code will result in the 

best accuracy achievable. The efforts and expense to 

for routine 

factors" 

calculation is 

follow the code to the letter, however, are often not 

In the section that follows, the 

defined in the code are described. An 

, which is based on the code. 

5.3.4.1 Performance Factors Considered 

PTC 4.3 describes determination of the 

Air heater 

Gas side 

• Flue gas 

• X-Ratio 

Gas side pressure 

Air pressure 

of a 

factors": 

the first three factors are considered here for the 

The factors are when for 

and can be in of 

mination the of additional data, so 

not considered in routine 

5.3.4.1.1 Air Heater 

The code defines air heater as the of air 

the air side to the gas side of the heater. A method of 

is That method considerable data, 

gas I ultimate I ash I and relative 

Their deter

are often 

from 

flue 

The code also describes a much 

and 

volumetric method. In this 

tion of 

and is 

The 

the flue gas 

is then determined 

in the flue gas. This method 

used for routine 

5-136 

the air heater has to be ana-

the in the concentra-

results 
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5 .. 3.4.1.2 Gas Side 

Gas side (or is defined as the ratio of 

the corrected for to the bead, 

The is defined as the in 

flue gas from the entrance to the exit of the air heater. The 

head is defined as the difference between the of the 

flue gas and air the heater. Note that it is is necessary to deter

mine air before can be calculated because of the correction 

necessary for the 

5 .. 3 .. 4 .. 1 .. 3 F1ue EXit TemDer'at,ure 

This is determined measurement. It is corrected 

as described later. This factor is because it is used to calculate 

boiler 

.. 3 .. 4 .. 1 .. 4 X-Ratio 

The X-Ratio is defined as the ratio of the heat of the air 

the heater to the heat of the flue gas 

the heater. This factor can determine the reason for the 

ence in the and test of an air heater. This is because the 

of the air heater may be affected 

that occur due to air infiltration, 

differences in these heat 

air and other 

not related to the condition of the air heater. 

5 .. 3 .. 4 .. 1 .. 5 Air Side and Gas Side Pressure n?n~.a 

These pressure 

forced and induced draft fans. 

reason for differences between 

to the 

can also 

and 

in the of 

another clue as to the 

If there, is a 

pressure 

obstruction in the heater, 

it is an indication that there is an 

due to 

5-137 
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5.3.4.2 Corrections 

The code describes a number of corrections as in Section 

5.3.1.3. of these for 

mined in our 

factors that will not be deter

are not considered. others 

to the three factors that are and if no additional 

data are for their are Corrections that 

have not been have a small influence on test and 

The corrections to be considered are described below. 

5.3 .. 4 2 .. 1 

Gas side corrected for This is 

the flue gas exit corrected for no 

and Gas 

The flue gas exit is corrected for deviations of these inlet 

from values. 

5 3.4.3 Calculation of Performance Factors 

These factors are air heater ~y~~a~I~, gas side and flue gas 

exit In many routine programs, these are the parame-

ters considered. 

5 .. 3 .. 4 .. 3 .. 1 Calculation of Air Heater 

Note that the calculations that follow are for one air heater. Most 

units have two air is to be calculated 

for each heater. 

The below an for 

heater it does not account for moisture in the flue gas. The equa-

tion is found in PTC 4.3, 7.03.1. 

= --~~------~~ x 90 (5-54) 

5-138 
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where air heater in of total air flow 

volume of in economizer exit flue gas as deter-

mined from combustion chart 

(L) volume of in flue gas air heater as 

determined from combustion chart 

90 = constant 

5.3.4.3.2 calculation of Gas Side 

1 • Corrected for of Gas Heater 

Gas side 

for no to the 

the ratio of the gas 

head. To calculate 

corrected 

first it is 

corrected for no 

heats of the air and 

necessary to determine the air heater gas exit 

(It is assumed that the ratio of the 

flue gas is to 1.0.) 

where == of the flue gas 

( OF) 

(5-55) 

the heater, corrected for no 

== air heater air 

== measured 

as determined ( % ) 

gas the air heater (0 

measured air 

100 = to ratio 

2 calculation of 

The next is to determine 

where gas side 

measured 

measured 

x 100 

, uncorrected (%) 

of gas 

of the flue gas 

of 

5-139 

the air heater (0 

(5-56) 

the air heater (0 

the heater, corrected for no 

the air heater (OF) 

1 1 



5.3.4.3.3 Calculation of Corrected Flue Gas Exit 

The 

and 

where 

The 

ture of the 

where 
2 

. inlet 

of flue gas the heater, corrected for 

air, becomes 

== (5-35) 

of flue gas the heater, corrected for 

and for air corrected to (OF) 

air (OF) 

::::: 

of flue gas corrected for 

flue gas is 

and for the 

(5-36) 

of flue gas the air heater I corrected for 

flue gas 

the heater at full load (OF) 

The flue gas exit I corrected for deviations from , is 

where = 

5.4 

steam 

and (2) 

5.4.1 

Three 

izer classifier 

== 1 + (5-37) 

of flue gas the heater, corrected for 

gas (OF) 

.;u. .. 1CQJ'" Generator 

can be ( 1 ) 

the steam generator for that can reduce effi-

are excess air, 

, and gas 

5-140 
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5.4.1.1 Excess Air 

We have shown that fuel and air must be mixed to achieve effi

cient combustion, and also that excess air must be that 

for the theoretical (or stoichiometric) air-to-fuel ratio. 

Excess to be to ensure combustion. But 

there is an upper economic limit to this excess air. 5-62 

illustrates the 

bustion process. 

between excess air and total losses in the com-

Note that steam generator is a trade-off between fuel 

losses and stack losses. If too little air is with the incom-

combustion will occur, which will carbon monoxide in the flue 

gas, and in the case of fuel and oil-fired boilers, an 

increase in unburned carbon in the ash. 

On the other 

of flue gas is 

as combustion air is an increased volume 

which causes an increase in flue gas tem-

the exit of the steam generator. The air heater will recover 

some, but not all of the heat this of flue gas 

combustion at a Therefore, the net result of 

air is to increase the heat loss up the stack. 

, there is a range in which these losses a minimum. 

This range varies with different loads and fuels on different steam genera

tors. 

The factors influence overall steam 

the 

Carbon loss in ash 

'Unburned CO 

Exit gas 

At a fuel cost of 

) and 400-MW unit 

amount shown: 

0.12% for each 1%- combustible 

0.35% for each 0.1% CO 

0.25% for each 10°F 

.50 per million Btu ( not unusual in 

a 70% load factor, 

power 

annual 

cost increases for reduced boiler related to the above factors are 

5-141 
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-40 

ZONE OF 
LOSS DUE TO 

UNBURNED FUEL 

·20 0 

ZONE OF 
MAXIMUM 

EFFICIENCY 

20 

EXCESS AIR (%) 

1% increase in combustible in refuse 

0.1% increase in CO in flue gas 

10°F increase in stack 

• 

ZONE OF 
LOSS DUE TO 

HEAT IN STACK 

40 

Total Heat Loss 
Heat Loss in Flue Gas 

60 

Heat Loss due to Unburned Fuel 

$ 70,650 

,000 

$147,200 

It is clear that costs are involved. The 

l' 
"" <0 

"" '9 .., 
00 
0 

will 

the cost of tests and checks to reduce these losses. Details 

of these checks and tests in the subsections. 

Another that influences boiler when coal 

is used as the fuel is the classifiers. These 

have direct effect on boiler eff because control the fineness of 

the fuel delivered to the burners, which in turn affects the amount 

142 
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of combustible in the refuse It is in most to 

vary the 

as 25% 

of fuel a standard 200 mesh sieve as much 

of the classifiers their full range of 

Classifiers could be set to achieve the maximum fineness with resultant 

minimum carbon loss in ash. But here , we are faced with a trade-off. 

As fuel fineness increases and raises boiler 

wear increases, more overhauls. In addition, power usage 

increases. Thus, a program is needed to the trade-off 

between fuel fineness (boiler effic ) and the cost of mainte-

nance and power 

5.4 .. 1 3 Gas 

Boiler exit gas has an effect on boiler of 

0.25% for each 10°F in It is desirable to 

size boiler heat transfer surfaces and with minimum excess combustion 

air to achieve the lowest exit 

, a must be made. Air heater exit gas must 

be maintained to acid corrosion and 

5-63 illustrates minimum allowable air heater metal (cold-

end versus fuel sulfur content to avoid these 

Courtesy: Babcock & Wilcox 
Source: Steam: Its Generation and Use, Figure 4, page 13-4 . 

... I ...... '''' .. ·,u.:; versus 
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Different methods, such as or inlet air, are used 

to boiler exit gas at lower boiler 

to avoid acid dew Care must be exercised that these control 

methods but not Exces-

sive inlet air must be avoided to exit gas as low 

This condition should be monitored 

and verified 

Steam. Generator 

The subsections discuss various observations and 

that should be on an steam. 

auxiliaries to detect situations that can contribute to lower 

.4.2.1 combustion Conditions 

tests 

and its 

A check of combustion conditions stack measurements of oxygen 

(or ), CO, and is an effective method of per-

formance These measurements should be taken when the steam is 

at condi tions and to those obtained 

tests. These data any deterioration in combustion 

as well the causes. In many 

related data checked on a each work shift. 

in the level of excess oxygen be caused in the 

air or fuel or reflect in fuel 

Other include deterioration in furnace or leak-

air heater or age, excessive tube 

conditions. If excess 

fuel 

oxygen has remained constant, but smoke or CO has 

may have or there may be with 

burner 

If stack increased 20°F or more, excess oxygen, 

CO, and smoke have remained the same, this may indicate excessive tube foul-

soot blower malfunction, or the of deterioration of baf-
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drain flow from feedwater heater (1000 

estimated total HP turbine (1000 (This is a 

value. A turbine at 

loads is shown in 5-61 • ) 

5.3.3.5.6 calculation of Total Beat 

HO ) + ) + ) + 

where HO 

of feedwater at economizer entrance 

= throttle steam 

= cold reheat steam 

= hot reheat steam 

spray water 

5.3.3.6 calculation of Steam Generator 

-=-- x 100 

where = boiler (%) 

BO heat 

HI = heat 

total heat credits 

5.3.4 Heater 

(5-52) 

(5-53) 

The air heaters are that have influence on boiler 

Their effect 

flue gas exit 

increase air heater 

on boiler is reflected 

flue gas exi t 

decreases. Flue gas exit 

in the 

tends to 

may, 

on the other be decreased excessive 

Flue gas exit 

of combustion air into 

the flue in the air heaters. 

also affected the amount of excess air, which not 

It is necessary to test the air h,eaters 

the of the heaters from the boiler. 

134 

are, 

to air heater 

to distin-

1 1 

I 
r 

J 

r 



( 

Air heater is described in detail in PTC 4.3. As with the steam 

I strict adherence to all of the code will result in the 

best accuracy achievable. The efforts and expense to 

follow the code to the letter, however, are often not 

In the section that follows, the 

defined in the code are described. An 

, which is based on the code. 

5 3.4.1 Performance Factors Considered 

PTC 4.3 describes determination of the 

• Air heater 

Gas side 

Flue gas exit 

• X-Ratio 

Gas side pressure 

Air side pressure 

of a 

for routine 

factors" 

calculation is 

factors": 

the three factors are considered here for the 

factors are when for 

and can be in of Their deter-

mination the of additional data, however, so are often 

not considered in routine 

5.3.4.1.1 Air Heater ~'dfi.dq~ 

The code defines air heater as the of from 

the air side to the gas side of the heater. A method of 

That method 

gas , ultimate I ash 

The code also describes a much 

the flue gas and 

The is then determined 

considerable data, 

, and relative 

volumetric method. 

flue 

In this 

heater has to be ana

in the concentra-

tion of 

and is 

in the flue gas. This method is results 

used for routine 
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5.3.4.1.2 Gas Side 

Gas side 

the 

(or 

corrected for 

The 

is defined as the ratio of 

to the 

is defined as the in 

flue gas from the entrance to the exit of the air heater. The 

head is defined the difference between the of the 

flue gas and air the heater. Note that it is is necessary to deter-

mine air can be calculated because of the correction 

necessary for the 

5.3.4.1.3 Flue Gas Exit 

This is determined 

as described later. This factor is 

boiler 

measurement. It is corrected 

because it is used to calculate 

The X-Ratio is defined as the ratio of the heat of the air 

the heater to the heat of the flue gas 

the heater. This factor can determine the reason the differ-

ence in the and test of an air heater. This is because the 

of the air heater may be affected differences in these heat 

that occur due to air air and other 

not related to the condition of the air heater. 

5.3.4.1.5 Air Side and Gas Side Pressure 

These pressure are 

forced and induced draft fans. 

reason for differences between 

to the 

can also 

and test 

in the of 

another clue as to the 

If there is a 

pressure it is an indication that there is an 

obstruction in the heater, due to 

5-137 
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5.3.4 2 Corrections 

The code describes a number of corrections as in Section 

5.3.1.3 of these are for factors that will not be deter-

mined not considered. Others 

to the three factors that are and if no additional 

data are for their are Corrections that 

have not been have small influence on test and 

The corrections to be considered are described below. 

5.3 .. 4.2 .. 1 

Gas side is corrected for This is 

the flue gas exit corrected for no 

5 3.4.2.2 Air and Gas Inlet TeJllpE!ra 

The flue gas exit is corrected deviations of these inlet 

from values. 

.3.4.3 Calculation of Performance Factors 

These factors are air heater gas side and flue gas 

exit In many routine test programs, these are the parame-

ters considered. 

5 .. 3.4.3 .. 1 Calculation of Air Heater 

Note that the calculations that follow are for one air heater. Most 

units have two air heaters. is to be calculated 

for each 

The for air 

heater 

below is an 

does not account moisture in the flue gas. The equa-

tion is found in PTC 4.3, 7.03.1. 

---=--....;..-----'-""- x 90 (5-54) 

138 

1 1 

I 
r 
I 
1 
l 



I 

t 
I 
I 

where air heater in of total air flow 

volume of in economizer exit flue gas as deter-

mined from combustion chart 

(L) volume of in flue gas air heater 

determined from combustion chart 

90 constant 

5.3.4.3.2 ca.1cu1ation of Gas Side 

1 • Corrected for of Gas Heater 

Gas side is the ratio of the gas corrected 

first it is 

corrected for no 

heats of the air and 

for no to the head. To calculate eff 

necessary to determine the air heater gas exit 

(It is assumed that the ratio of the 

flue gas is to 1.0.) 

= (5-55) 

where = of the flue gas the heater, corrected for no 

(0 

= air heater air 

100 = 

measured 

measured 

as determined ('II) 

gas 

air 

to ratio 

the air heater (0 

the air heater (0 

2. calculation of 

where 

The next is to determine 

= gas side 

=.measured 

= 

= measured 

-==----=~ x 100 

I uncorrected (%) 

of gas 

of the flue gas 

of air 

5-139 

air heater (0 

.the heater, corrected 

the air heater (0 

(5-56) 

no 



','J;'f::'--." 
"t~ .. ·_"'I.."" 

.3.4.3.3 Ca1cu1ation of Corrected F1ue Gas Exit 

The 

and 

where = 1 

The 

ture of the 

2 

where = 

of f1ue gas the heater, corrected for 

air, becomes 

1 
(5-35) 

of flue gas the air heater I corrected for 

for air corrected to (OF) 

of flue gas corrected 

flue gas is 

of flue gas 

gas 

and the 

(5-36) 

the air heater I corrected for 

the heater at full load (OF) 

The flue gas exit I corrected for deviations from 

where 

5 .. 4 

steam 

and (2) 

5 .. 4 .. 1 

Three 

izer classifier 

= 

of flue gas 

gas 

Steam. Generator 

the steam 

I and gas 

1 + (5-37) 

corrected for 

(1) 

for that can reduce effi-

eff are excess air, 
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.4.1.1 Excess Air 

We have shown that fuel and air must be mixed to achieve effi-

cient combustion, and also that excess air must be that 

for the theoretical (or stoichiometric) air-to-fuel ratio 

Excess air has to be to ensure combustion. But 

there is an upper economic limit to this excess 5-62 

illustrates the between excess air and total losses in the com-

bustion process. 

Note that steam generator is a trade-off between fuel 

losses and stack losses. If too little air is with the inc om-

combustion will occur I which will carbon monoxide in the flue 

gas, and in the case of fuel and oil-fired boilers, an 

increase in unburned carbon in the ash. 

On the other hand, as combustion air an increased volume 

of flue gas is which causes an increase in flue gas tem-

at the exit of the steam generator. The air heater will recover 

some, but not all of the heat this of flue gas 

combustion at Therefore, the net result of 

air is to increase the heat loss up the stack. 

I there range in which these losses a minimum. 

This range varies with different loads and fuels on different steam genera

tors. 

The factors 

the 

Carbon loss in ash 

Unburned CO 

Exit gas 

influence overall steam 

amount shown: 

0.12% for each 1%· combustible 

0.35% for each 0.1% CO 

0.25% 

At a fuel cost of .50 per million Btu (not unusual in 

) and a 400-MW unit at a 70% load factor, 

power 

annual 

cost increases for reduced boiler related to the above factors are 
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·40 

ZONE OF 
LOSS DUE TO 

UNBURNED FU~L 

·20 

ZONE OF 
MAXIMUM 

EFFICIENCY 

o 20 

EXCESS AIR (%) 

ZONE OF 
LOSS DUE TO 

HEAT IN STACK 

40 

----- Total Heat Loss 
Heat Loss in Flue Gas 

60 

- Heat Loss due to Unburned Fuel 

1% increase in combustible in refuse 

0.1% increase in CO in flue gas 

10°F increase in stack 

It is clear that costs are involved. 

$ 70,650 

,000 

$147,200 

The will 

the cost of tests and checks to reduce these losses. Details 

of these checks and tests in the subsections. 

5.4.1.2 PUlverizer 

Another that influences boiler when coal 

used as the fuel is the These 

have on boiler because control the fineness of 

the fuel delivered to the burners, which in turn affects the amount 
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A sw i tchboar d varmeter is illus tr a ted 8-34. Note that 

the meter indicates reactive power in the and lead directions. Reactive 

power in the direction indicates that (1) the current is 

behind the voltage, (2) the circuit measured is inductive in nature, and 

( 3 ) the power f ac tor is 

indicates that (1) the current is 

Reac ti ve power in the direction 

the (2) the circuit 

measured is tive in nature, and (3) the power factor is 

This is needed to obtain the factor, which in turn is used 

to determine the generator correction factor. switchboard meters are 

used. 

'Vars 

between the 

8 .. 5 

Flue gas 

tests accuracy measurement and 

meters for each 

to the current times the 

and current. 

is used to determine 

times the 

values for the gases 

resul from combustion. The three gases tested for are CO, , and 

PTC 19.10, 

8-45 
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on different instruments and their to the constituents 

of flue gas. of instruments can be used to determine the or 

constituents in flue gas • 

8. • 1 

The most used instrument for flue gas is the Orsat 

shown in 8-35. the Orsat has three 

each 50 cc of reagent. To the 

amount of concentration in the I the is forced into the 

back and forth between the burette and and the 

measured. This same basic is followed to measure the [ 
and CO concentrations. 

Some of the Orsat are that it is slow r 
process I the become exhausted and need and accurate re-

suIts on the skill of the 

should be on a 

To check the accuracy of the read-

flue volumetric combustion 
l 

chart 8-36} • The oxygen minus the CO (if any) and the 

oxygen should intersect close to the line drawn for a fuel (in 

this case bituminous coal). or lower excess air should 

line drawn If there are 

the are used up, the have been taken, or the 

have been mixed. Electronic instrumentation a l 
solution to the above a faster and more accurate 

means of flue 

8.5.2 Electronic 

There are of electronic instruments that may also be used to 

measure constituents of flue gas, some of which are and thus useful 

in Most of these instruments cannot measure all three 

I and CO). The most common measure oxygen while some 

others measure oxygen and "combustibles." Combustibles may consist of small 

amounts of substances other than carbon such 
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INLET VALVE TO 0 1 PIPETTE 

INLET VALVE TO MANIFOLD 

IN LET VALVE TO CO PIPETTE 

CO 
PIPETTE 

8-47 

INLET VALVE TO CO 2 PIPETTE 

VALVE TO ATMOSPHERE 

INLET VALVE TO BURETTE 

GLASS BURETTE 

Courtesy: ASME 

LEVELING 
BOTTLE 

Source: PTC 19.10, 6. 
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PIVOT POINT 

REFERENCE TABLE 

9.23·10.6 Coke oven gas {CO < 6%) 

11.4 Coal gas 

11.62 Oil ga'J. 

11.5·12.7 Natural gas 

12.9 Oil refinery gas 

14.25·16.35 Oil 

16.35 Carburated water gas 

11.5·18.4 Tar and pitch 

17.7·19.3 Bituminous coal 

18.6 Charcoal 

18.6 Producer gas 

18.6 Black liquor without saltcake 

18.8 Petroleum coke 

19.2 Lignite. coke 

19.2·19.65 Anthrlcite coal 

20 Blue water gas 

20.1 Tan bark 

20.1·20.5 Wood 

20.65 Blgl!lsse 

20.9 Pure carbon 

24.6·25.3 Blast furnace 91$ 

Notls 
Nitrogen scale not ex,ct when CO is formed. 

2. any will lit along a straight line drawn between pivot point and maximum 
on 

3. Pen;;;,,..,, 'total air linn if'll! not 
or to any fuel contlining more 

8-48 

Qr ca-routated .,..,..t<ar \til' fuei'll, 
applicable, 

Courtesy: ASME 
Source: PTC 19. 10, Figure 7. 
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Carbon dioxide concentration in flue gas is 

tronic the thermal 

measured with elec

The thermal con-

two heated filaments mounted in 

separate cells. These filaments have identical characteristics. One cell is 

the cell and the other reference cell. The two heated fila-

ments are connected to form half of a Wheatstone circuit. When con

a the cell receives the gas The 

reference cell is sealed and contains air at a constant temperature or resis-

tance. The gas conducts heat away from the cell, 

the temperature or resistance. The difference in temperature bet'N'een the 

cell and the reference cell unbalances the Wheatstone in 

proportion to the amount of carbon dioxide found in the Millivoltme-

connected across the indicate in percent the amount of found 

in the of flue gas. 

and combustibles 

sured electronic 

and ) found in flue gas can also be mea

An electrochemical sensor detects the oxygen 

and causes a chemical reaction to take between electrodes. This reac-

tion in turn generates a current proportional to the oxygen concentration. 

This is and then out on meter. 

The concentration of the combustibles (CO and created in flue gas is 

de termined the thermal of 

thermal that can be read on a meter whose scale 

to the total combustibles in the flue gas. 

has a very 

propor tional 

The oxygen concentration be determined up to 25%, with an accuracy 

of of full scale. The combustible concentration can be determined up to 

10%, with an accuracy of .2 to 0.4% of full scale on temperature. 

Infrared offer another way to measure the carbon dioxide con-

centration in flue gas. Infrared operate on the that a 

gas absorbs a portion of the infrared spectrum. Two for infrared 

radiation are One is a reference cell with windows, 

and the other is a cell with windows. The difference in radia-

tion between these two cells is to the amount of carbon 

dioxide in the 
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surface and total moisture in coal, (4) moisture and fineness of 

coal, (5) of raw coal, ( 6 ) of room air, 

, raw coal, and from mill, (7) pressures and of air 

into , and (8) power. The section defines the instru-

ments and and references PTC 3.2 for additional details in 

Section 5 is a detailed of measurements of 

such as amount of coal and air flow. 

It also describes the of raw and coal. sup-

PTCs are addressed as necessary. 

In summary, is check of 

or results, and very few calculations are involved. Because sev-

eral variables I coal , coal surface moisture, available 

inlet air and classifier I have a effect on such 

other variables as , power and fineness, a great deal of 

data must be taken and corrected back to standard conditions for 

with vendor values. 

5-49 shows the between and coal 

or fineness at a value of surface moisture. Note the 

decrease in as fineness is increased classifier 

ment 

5-50 shows details of device sui table under the code 

coal. 

5-51 shows a Rosin and Rammler Chart for 

of The results of the sieve 

on the chart. If fallon a 

the is considered to be 

breaks , it is 

obtained. 

5.3.1.3 ASHE PTe 4.31, 

If the 

that a 

the accuracy 

from the 

line, 

is curved or has 

was not 

Section 1 def ines the ectives and scope of PTC 4.3 (1969 and 1974, 

reaffirmed 1979). the code establishes for tests to 

determine 
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-
80 90 100 

LITY INDEX (ASTM D 409) 

Courtesy: & Wilcox 
Source: Steam: Its Generation and Use, Figure 10. page 9-8. 

Gas side 

• Air 

charact:.eristics such as gas and air pressure 

losses, and gas and air t:.emperat:.ures 

Performance st:.andards and to check deviations from ~ese st:.andards 

The code eo regenerative and tubular air heaters. 

It:. excludes st:.eam, condensat:.e, or air 

Section 2 defini t:.ions of all terms used in the code and 

includes , and units. Of t:.ance are ~e f01-

definit:.ions: 
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ered 

• 

• 

• 

let. 

air 

Courtesy: Babcock & Wilcox 
Source: Steam: Its Generation and Use, Figure 12, page 9-9. 

of air 

assumed to occur 

from air side to gas side. This 

between air inlet and gas out-

of gas 

air heater. 

- ratio of gas 

~caA.Q~.C, to head. 

ratio of the heat 

the heater. 

corrected if no 

air heater minus tem-

, corrected for 

of the to the gas 

5-52 shows the various arrangements for air heaters that are cov

this code. 

Section 3, " establishes the and test 

conditions on which agreement must be reached before It also 
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BASIC ARRANGEMENT 
REGENERATIVE AIR 
HEATER 

AIR HEATER WITH AIR 
RECIRCULATION 

AIR HEATER WITH 
SUPPLEMENTARY 
STEAM COILS 

AIR LEAKAGE 

RECIRCULATION 

BYPASS 

AIR HEATER WITH 
LOW LEVEL ECONOMIZER 

5-98 

FOFAN 

BASIC ARRANGEMENT 
TUBULAR AIR HEATER 

AIR HEATER WITH 
AIR BYPASS 

AIR HEATER WITH 
LOW LEVELAIR 
HEATER 

Courtesy: ASME 
Source: PTC 4.3, Figure 1. 
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fies what conditions must be in effect before 

It the need for test run and sets the duration of the 

test (at least 2 hours) and the (at least every 15 min-

utes) • 

Section 4 defines the data 

well as the instruments and 

to be accumulated from 

to be used in the test. ,;;>O'.: ......... "'.l..J"'l' all 

air and gas 

needed. In 

, pressures, 

a flue gas 

and flow are as 

is 

and 

burned. The 

the air heater, the ultimate 

of instrumentation to be used are 

of the gas enter

of the fuel 

Section 

number of 

for 

defines how the various data must be taken. It 

for 

and round ducts. 

the 

and gas 

Section "Performance Factors," describes the of overall per-

formance of the air heater, describes conditions that have influence 

on the of the air heater, and def ines and descr ibes air 

heater factors that considered. These factors include the 

• 
• 

X-Ratio 

Air heater 

Exit 

• Pressure loss, both on the gas and air sides of the heater 

Note that the gas side I which is as one of the 

of the test in Section 1 of the code, is not mentioned here. This is appar

an 

Section 7 of the code the calculation section. It describes in 

detail the calculation of the test results, all the fac

tors described above, and also corrections to test results. These corrections 

are for air heater of several des 

not related to the condition of the air heater, the fol-
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• 

Gas 

Air 

Gas flow 

X-Ratio 

the heater 

the heater 

the heater 

5.3 .. 2 steam Heat Loss Method 

Most routine is done the heat loss 

method. As 

of steam 

, there number of heat losses that the code 

to be considered. This section discusses these heat losses as well 

as the various heat credits and corrections to results that are described 

in the code. Careful adherence to every of the code will result in 

the best accuracy achievable. The effort and expense to follow the 

code to the letter often not for many situations where it is 

desirable to routine A method is for calcu-

test results; it more than the short form method but still 

those factors that have little effect on the test results and are 

difficult to Such a method of should better accuracy 

than short form and may the accuracy of many pro-

grams. 

5 .. 3 2 .. 1 Heat Losses 

PTC 4.1 defines a number of losses and forms for abbreviated 

tests to aid in the calculation of test results. On those forms (see 

5-53 and 5-54), five losses and a sixth item called "unmeasured losses" are 

listed. Unmeasured losses can be either measured or estimated; 

common in routine steam to some and 

into the sixth item. The five losses described below. 

it is 

the rest 

are 

the ultimate 

sis of the "as fired" fuel, the flue gas I and the 

ture of the air and flue gas. Those are 

determined from test data, and the losses calculated as ied 
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IO fans are 

utilize either 

similar in appearance to FD fans. may 

ahead of the or control to 

control the amount of flue gas the fan. 

IO fans than FD fans for any These 

fans must be sized to handle the flue gas flow at lUaxi-

mum boiler any of air the seals of the 

air This is from the air to the gas side of the 

and acts to increase the total flow the fan. 

As with FD fans, IO fans utilize or vanes to counter-

act the fact as fan flo"", increases, the fan pressure de-

"",hereas the effect - an increase in pressure as flow 

increases is ID fans are motors, 

turbine drives are used. 

5.2.2 .. 3 's.aters 

The air heater the air before it to the furnace 

the hot gases the steam Cl:>mbustion and 

See 5-28. The of "",ith the use of an air 

the boiler ""'ill increase 1% for every 40°F decrease in exit gas 

An air air at of 30QoF or 

more achieves a 5% to 10% fuel over unit without heated 

air. 

is achieved in two First, the outside air trav-

els a steam or condensate coil Some use 

""'hich is heated steam or condensate and 

inside the coil. Air the cold end 

air heater above the flue gas dew This is 

of the 

""'hen 

of the air heater falls sulfur fuels because if the 

belo"", the of the flue gas, there will be condensation of moisture on 

the air heater surface. This moisture will combine with sulfur dioxide and 

trioxide the flue to form sulfuric can and 

the air heater. The air next goes to the air heater. Some steam gen-
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erators have no coil 

tion from inside the 

the air heater. 

APPROXIMATE INCREASE IN EFFICIENCY 

~ .................. , versus 

For such units, 

the air is 

Air heaters are classified as 

air heaters are tubular. Tubular 

often take their suc-

to 

The recu-

air heaters are basi-

tube and shell heat The hot exit gas flows 

the tubes, and the or combustion air flows over the tubes. It is 

easier to clean the inside than to clean the outside of the tubes, so the flue 

gas travels inside the heat tubes. In some cases baffles are used 

to direct the air flow across the tubes. can be used for tem-

perature control. 5-29 illustrates a tubular air heater. 

Because of tubular air are not often 
\ 

used on modern power steam 
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COLD AIR 
INLET 

AIR 
BYPASS ----Ij>-/ 
DAMPER 

HEATER 
AIR 

OUTLET 

TUBES 

EXPANSION 
JOINT 

.--+1--- GAS INLET 

SOOT OR 
CINDER HOPPER ---~ ... / 

Courtesy: Babcock & Wilcox 
Source: Steam: Its Generation and Use, Figure 5, page 13-5_ 

The most used air heater in power is the regen-

erative, In this flue gas heats 

metal The are rotated into the 

and the is heated over them. The whole is 

rotated at a of 3 

to form a rotor. 

The 

both ends and is sealed 

forms an air passage 

the other. The 

to 5 rpm. These 

the rotor is 

radial and 

one-half of the air 

limit the 

and 

with duct connections at 

members. This 

and a gas passage 

of air into· the gas passage 

and the of air out of the air passage.,. 5-30 illustrates a 

air manufact:ured 

and known as the Another variation of the 
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HOT GAS INLET 

ROTOR 

AIR INLET 

heater that uses a different of duct work shown in 5-31. 

This of heater is manufactured Babcock and Wilcox. 

Each air shutoff on the combustion 

-- air outlet (hot air) duct and the flue gas inlet (hot gas) duct to allow main-

tenance and of the air Seal air 

from the FD fan is often used to the air 

when closed; this minimizes observation is 

installed in the air inlet duct for the "cold end" ele-

ments of the air 

To control the accumulation of soot and ash in the air ele-

ments, the air 

mulations on the 

heater. The air 

and a water wash 

The soot blowers are 

are installed with a ash accu-

elements could result in the air pre-

includes air or steam soot blowers 

located in the gas outlet duct and are con-

trolled the main soot blower control in the control room. may 
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AIR 
OUTLET 

BASKETED 
HEATING 
SURFACE 

RADIAL 
SEAL 

GAS INLET 

HOUSING 

# 

Courtesy: Babcock & Wilcox 

GAS OUTLET 

SHAFT 

AXIAL 
SEAL 

Source: Steam: Its Generation and Use, Figure 8, page /3-7. 
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also be controlled 

tion of the boiler. 

ers are soot blown 

Soot 

oil f 

is opera

coal units, the air heat-

On with washwater , multinozzle water noz-

zles are installed in the gas inlet and gas outlet ducts. The washwater is 

from an heater washwater treatment wash pump. 

of the air when the unit is shut down. 

On some units, may be low load boiler The 

is turned drive motor 

Because of soot and ash fires in air can 

a serious Therefore, many air are installed start and 

with water for fire may be or 

controlled. The washwater may serve as the water sys-

tem. 

.2. .4 Pulverizers 

Pulverizers or mills are used to or the coal. 

mills use either one, two, or all three of the basic of 

size , attrition, and These are low, or 

machines. The four most used are the ball, 

the attrition, the and the ball race 

No can 

amount of moisture. 

creased area of the coal 

of the surface moisture 

ible heat in the air 

zation of the moisture, the 

lower than that of the 

a substance a 

Pul verizers take of the in-

and turbulence in the mill to remove most 

Since the sens

absorbed the latent heat of 

of the air-coal mixture is subs tan-

air. The 's to 

on the amount of heat that can be carried the air at safe 

the heat the process. 
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Performance Test Code 
1958 to rewrite and 
Units. 

No.4 on Units 
up to date the 1946 edition of the Test Code for 

an 
common to all there existed no power test 

mittee No.4 of such a Test Code as of its 
The Perfonnance Test Codes Committee instructed PTe No.4 to prepare such a Code as 

to he known as PTe 4.3 on Air This Test Code was and its format 
that of PTC 4.1, the Test 

the Perfonnance Test Codes Conunittee on 9, 1966. Final 
the Committee were con-
the il as a standard 

on November 1967. 
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AIR HEATERS 

0.1 This Code for air heater 
govern the for tests, the of 

and the calculation of test results. 

the Test for 
0.2 air heater is defined as a heat ex- should be followed where 

used to transfer heat from com- on Instruments and 
bustion gases to air without the use shall be used as a to the selection and 
of an intermediate heat transfer fluid. use of test nt not in this Code. 

9 
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ASME PERFORMANCE TEST CODES 

1, 

1.1 The purpose of this Code is to 
for 

tests to determi~e: 

1.1.1 Gas side 
J 1.2 
1 1.3 
such as: 
1.1.3.1 

characteristics 

1. J .3.2 Gas and air pressure loss 
1.1.3.3 Gas and air 
} .1.4 A determination of any or all of the np,'tm'm

ance items specified above may be necessary for: 
1.1.4.1 the actual n .. '·''''''~'' 

ferent fuels 
1.1.4.4 

eratoI'. 

s guarantee 
these items with a standard of 

when dif-

the effect of to 

corrections to air heater exit 
caused variations in inlet air 

in an efficiency test of a steam gen-

10 

1.1.4.6 any other information 

to any combustion 

to 
It 

used in with a steam gen-
eratoI'. 

1.3 For the purpose of this the air 

heater is defined as a heat A'-U"I!l~'"' used to 
transfer heat from gases of combustion to combus
tion air without the use of an intermediate heat 
transfer fluid. excluded are the sup-

steam coil air direct-fired air 
heater and low economizer. How-
ever, a air he ater would 
he considered part of the air heater installation. 

1.4 If the installation consists of more than 
one air heater in 
cluded as a unit. 

all air heaters are in
if the air heaters are 

in series and have other in 
then each air or each group of air 

shall be tested 



AIR HEATERS 

2.1 The Code on Definitions and Values 
2) defines the and values of basic 

technical terms and numerical constants, which 
are used this of 
terms specific to this Code are as follows: 

2.7.1 Air from 
the air side to the gas side. It is assumed in 
calculations to leak from the air inlet to 
the gas outlet. 

2.1.2 Exit Gas With The 
measured exit gas temperature. 

2.1.3 Exit Gas The 
at which the gas would have left the 

air heater if there were no This temper-
ature must be calculated if leak-
age is See 7. 

2.1.4 Air Rise. Increase in the 
of the air in the air 

heater. 

A Air 

A' air 

A.F. As fired 

C Pounds of carbon per of 

Pounds of carbon burned pel' of 

CO Per cent carbon monoxide per volumc of 
fluc gas 

PCI' cent carbon dioxide per volume of 
flue gas 

fuel 

R 

2.1.5 Gas in the 
of the gas in the air 

based on exit gas temperature - no 

2.1.6 of gas 
of air enter-

2.7.8 X-Ratio. This is the ratio of the heat 

the air he ater. 

2.2 

fuel 

numerous 
of reference, it has been found im-

to restrict the to the use of 
Where both letter and numerical sub-

Unit 

pcr cent 

Ib per lb of A.F. 
fuel 

lb Ib of A.F. 

flue gas. Determined per cent 

flue gas. Determined per cent 

Mean specific heat of air at constant pressure Btu per lb F 

11 
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ASME PERFORMANCE TEST CODES 

and their 

Descri 

specific heat of the flue gas at constant pressure 

content of the 

value of the refuse 

content 

per of ' fired" fuel -

Pounds of oxygen per fuel -

Per cent oxygen per volume of flue gas. Determined 
gas 

Pressure 

refuse 

Recirculation 

Pounds of sulfur per of "as fuel -

Rankine 

Fahrenheit 

12 

of 

sub-

flue 

Unit 

Btu per lb F 

hr 

lb per hr 

lb per lb of A.F. 
fuel 

cu ft per cu ft 

Btu per Ib of 

per cent 

lb of water per lb 
of A.F. fuel 

lb per lb of A.F. 
fuel 

per cent 

lb per lb of A.F. 
fuel 

per cent 

in. of water 

Ib 

Ib per Ib of 
fuel 

R 

F 

gas 
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AIR HEATERS 

5 and their 

of air 

of the flue gas 

of "as fuel 

fired" fuel 

of fuel 

refuse per of "as fuel 

Pounds of fuel fired either solid or 

Pounds of gas unit per of 

of moisture per of air 

steam 

13 

F 

F 

lb 

Unit 

lb per lb of A.F. 
fuel 

Ih per Ib of A.F. 
fuel 

lb per lb of A.F. 
fuel 

lb per lb of 
fuel 

lb per hr 

lb per lb of 
fuel 

Ib per II) of 

per cent 

per cent 

.. 

1 



ASME PERFORMANCE TEST CODES 

PLAN 1 BASIC ARRANGEMENT 
REGENERATIVE AIR HEATER 

PLAN 3 AIR HEATER WITH 
AIR RCIJLATION 

t 
GAS 
IN 

PTe 4.3 1967 

F. D. FAN 

PLAN 2 BASIC ARRANGEMENT 

TUBULAR A!R HEATER 

F. D. FA"! 

PLAN 4 AIR HEATER WITH 

AIR BYPASS 

PLAN 5 AIR HEATER WITH 

SUPPLEMENT ARY STEAM COILS 

PLAN 6 AIR HEATER WITH 

LOW LEVEL ECONOMIZER 

IN 
t 

PLAN 7 AIR HEATER WITH 

LOW LEVEL AIR HEATER 

FIG. 1 AIR HEATER ARRANGEMENTS 

14 
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AIR HEATERS 

3.01 
Reached 

.01 

on Which 
to Test: 

of Test. 

Shall be 

3.01.02 Permissible deviation in gas side effi-
between runs. 

3.01.03 Air and gas flow 

.04 Allocation of 
formance and 
the test. 

3.01.05 
the test. 

.06 of 
number of load 

runs, basis of 
to be followed 

.07 Cleanliness of unit 
is to be maintained 
3.04.2. 

3.01.08 of apparatus 

3.01 10 Observations and 
with the or 

to conduct 

mr 

to make 

to be taken to 
of the test. 

3.01.11 Instruments to be calibration of in-
struments, methods of measurement and 
ment to be used in the unit. The 

,mnn'..,I11..,lr"", on Instruments and 
when 

3.01.12 Toleranc es and limits of error in meas
urement and 

3.01.13 Distribution of fuel refuse be
methods of tween various collection 

3.01.14 Corrections to be made for deviations 
from 

3.02 

3.03 

conditions. 

of Personnel. To insure ob
all 

and Limits of Error. This 
does not include consideration of over-all 

tolerances or 
The test results 
from test 
calibrations. 

guarantees. 
as 

with proper corrections for 

15 

G s 

3.04 
shall be 
test 
satisfaction and 

in the case of fue I 
and 

ance test 
accept

be started as soon as the unit is 
III condition for test, the 
load and other factors are suitable. 

to the test may 
to direct the test and to serve as 

a 
In 

event of as to the accuracy of observa
or methods of 

lar run have been met. 

At least two runs shall be made 
the load 

results exceed the 

3.05 for Test. Install such meas-
be to attain the 

is recommended that the 
to the test to note 

which the 
the 

cleanliness of heater tubes and 
cleanliness of elements and condit ion of the 
seals of air heater should be exam-
ined and air heater 
condition. The 
should be 

check of air , 
at the gas inlet and outlet 

to the actual test. 

1 



ASME PERFORMANCE TEST CODES 

A 
purpose of: 

Run shall he made for the 

the of all instruments. 

the observers and other test 

minor 
which were not evident 
the test, and 
ditions for the 
to be 

It is that air 
the air heater remain essen

the test. The steam 
be set as close as 

of the test run and shall 
at least 30 minutes to start of 

the test. 

Duration. Test runs 
two-hour duration but 
the of at least two 

measurements 
shall be taken at 15 minute 

16 

intervals. there are the 
shall be taken at such 

be necessary to determine a value 
a true average. 

in so far as is feas-
of the run be continu-

as the run progresses, on coordinate paper 
of suitable scale to a review of 
the conduct of the run, at least 

3.10 of Runs. inconsis-
tencies in the observed data be detected a 

the that cause 

is at the 

if necessary, to 
of the test. 

3.11 Records and Test All observa-
measurements and instrument 

necessary for the ctive of the test shall be 
recorded as and corrected 
values shall in the test 
record. 
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AIR HEATERS 

R 

4.1 Data 

4.1.01 of air air heater 

4.1.02 of air air heater 

4.1 of gas air heater 

4.1.04 of gas air heater 

4.1.05 of air air heater 

4.1.06 of heated air air heater 

4.7 of gas air heater 

4. J of gas air heater 

4.1 Air side inlet outlet static pressure 

4.1 Air side inlet and outlet pressure 

4.7.71 Gas side inlet and outlet static pressure 

4.1.12 Gas side inlet and outlet pressure 

4.1.13 of inl et air 

4.1.14 and 

4.1. 

4.1.16 Ultimate of fuel 

4.1.17 of fuel oil stearn if 
oil. 

17 

on 
instruments and 

heater tests are as follows: 

4.2.2 

4.2.3 

known 
8.06 

4.2.4 

4.2.5 

flue gas 
to determine 

oxygen and carbon 

for air 

to air 

oil meters, or gas meters 

4.2.6 

moisture loss. 

I 1 



ASME PERFORMANCE TEST CODES 

gas in 
the inlet gas and inlet air ducts shall be located 
as close to the air heater as and as 

urement 
tion at 
of a 

with meas-
stratifica

gas and air outlets and air infiltration 

measurement and simultaneous 
the center of t;hese- areas. A average 

into consideration 
5.2, as well as a veloc-

on two tra
to each other as de

Test Code for I'ans 

It is that there may be cases in 

which the gas 
measurements would be 

is so low that 

with recommendations of I & 
and Exhaust Gas 

5.2 Flue Gas ond Air 

average 
of the 

Flue 
gas must be taken at the same lo-
cations as those us ed for flue gas 

S.l, to minimize the effect of 
stratification. 

5.2.7 If a survey of flue gas flow, 
Par. 5.1, indicates severe it is 

18 

recommended that the 
at individual locations 
be 

measurements 
in the duct cross section 

to the gas flow at the 
and an average of the 

be used as 

of temperature instru-
upon the conditions of the individ-

the same 
of the air temperature, 

methods and the same precau-
5.2.1 and 5.2.2 shall 

s. 
to calculate gas flow. 
is upon the 
upon the purpose of the test. 

the air heater. 

tion and of the annlClrlCll:11 

tion of the shall in accordance with 
I & and Exhaust Gas 
19. 

5.3.1 An anal should be made to 
e or absence of gaseous combustibles. 

combustibles are found and cannot be elimi-
nated to the fuel 

5.3.2 it 
is necessary to obtain sam-

of the gases for submission to an established 
. Refer to I & Flue and Gas 

steps shall be taken to prevent 
to or from gas apparatus and 

to avoid contamination and de-
of reagents, to fresh 

to manifolds dear of 

I 

of sam
ap-

, 

I 



AIR HEATERS 

to minimize human errors 
careful operators who are 

information on common sources of error, to pro-
vide with and reasonable 

and in all other ways, to assure that 
recorded data are correct and their of pre-

should be 
all gases, 

, are soluble to some extent in 
water, the water in the bottle shall be 
saturated with gas before any 

5.3.4 Detailed 
10 on 
19. 

and 
shall be 

5.4 Gas and Air 

in 
air shall be calculated as per Par. 
7.06. 

5.5 Fuel 

5.6 

purposes. 

19 

J 

i 

1 



6.7 7 
with 

6.1.2 

6.1.3 

6.2.1 
heater. 

6.2.2 

6.2.3 

6.2.4 

heater. 

6.2.7 

6.2.8 

ASME PERFORMANCE TEST CODES 

of test thermal 

of test air with 

of test air and gas side pres-

the air 

the air heater. 

of air to control 

infiltration which 
the air heater. 

."<"'c."'''' - condition of seals. 

the air 

of gas the air heater. 

or corroded elements or tubes. 

20 

factor in 

recirculation. 

6.4 Air 
used to obtain the amount of air 

is determined and when corrected is com
with 

exit gas ""nn,,,,.,, 
til corrections to the test val ues have 
in accordance with 7, 7.07 
Par. 7.11. 

Loss. After corrections for 
mn,,,,.,Atllr,, and flow rate, test gas side and air 

side pressure losses are to be with de-
values. 



AIR HEATERS 

The air heater 

7.01 per cent 

tCI4 tCIS 
100 

Where 

tC14 = F = air heater. 

tCIS F 

gas 

Calculated gas air heater corrected for no air ,,",,'U,"'~"'~ 
as in Par. 7.02. 

air heater. 

7.02 tCIS gas air heater corrected for no air 

7.03 

c (l) 
pA 

CpA (lCIS - tAS) 

--~~-----------------+ tCI5 
100 cpC 

Per cent = Air heater as in Par. 7.03 

F 

F 

The mean 

The mean 

Measured gas 

Measured air telmp,eratl11re 

x 100 

heat between 

heat between 

air heater. 

air heater. 

x 100 Per cent air heater 
of air 

tAB and lCIS 

as 

to the gas side divided 
the air heater. 

(1) For the determination of the mean 
average specific heat for wet air 

heats use PTe 4.1, Fig. 3 for air and Fig. 7 for gas to calculate the weighted 

21 
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ASME PERFORMANCE TEST CODES 

15,14 

'15,14 

7.03.7 not a 

(2) 

gas flow 

Total moisture in flue gas 
7.05 

of this an 
may be obtained 
heater. The 

use of the per cent volume 
does not account for the moisture 

Thus: 

% LEAKAGE 

very close or minus one 

7.04 
Pounds of gas per 

7.04.1 
44.01 

'14,15 

the air heater as in Par. 7.04 

the air heater as in Par. 

that are 

fuel. 

The above formula is based on molecular we accurate to four ificant but it is not to 
molecular that the gas derived has this of accuracy. The four 

are used to hold errors from calculation to a minimum. 

and CO per cent volume of gas. 

determined the total of , and 

of carbon burned per 

air leakage is assumed 
not become a part of 

moisture the latter term will not affect accuracy of the 
moisture term. If it is desired to calculate this moisture term, the 

1. Calculate the actual pounds of dry air leakage per pound "as fired" fuel; 

2. Multiply the result of (1) 
leakage air per pound of 

humidity (pounds moisture/pounds 
fuel. 

from 100 per cent. 

of "as fired" fuel. 

'15 14 • 

The omission of this 
small part of the total 

air) to get the pounds moisture in 

3. Add the result of (2) to the term used calculate 15 and then recalculate A L • 

22 
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Where 

c Pounds of carbon in fired" fuel 

of refuse per of fuel. 

'p' 
e 

Where 

Ib 
refuse rate p" e ::::::; 

Where refuse rate at various such as dust boiler nODDI~rs is not 
it can be estimated if all agree. 

rate 

If fuel rate is not it shall be from steam generator test and 

p' I,A,norRtnrv determination of per cent combustible times 14500 

or 

p' LaDolrat![)rv determination of value bomb calorimeter 

14500", val ue of 1 lb of carbon as it occurs in refuse Par. 9.4 of the Test 
for PTe 4.1) 

s The" as fired" sulfur content of fuel as determined 

of moisture in the flue gas per of 

G + , x ,) + mf + + 

Where 

8.936 8.936 of one of 

H = __ ~O-...--- of ultimate 

of moisture per air at boiler inlet. 

Pounds of air per of fuel as in 7.06. 

23 
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7.06 

0.7685 

'Nz = 

The 

C 

Where 

C 

p' 

This term may be 
the 0.1 cent. It it is 
"'''ne'aUl"'' Units, PTC 4.1. 

, I 
i 1 

ASME PERFORMANCE TEST CODES 

Pounds of moisture per of "as fired" fuel. 

of "as fired" fuel. The ~~,~n.,,..,~ 

in Pars. 4.17 and of the Test 
PTC 4.1. 

Pounds of moisture in per of "as fuel. 

Pounds of air per of fired" fu el. 

of 10 gas per of "as fuel. 

( 12.01 S) + 

accurate to four but it is not 
of accuracy. The four molecular 

to a minimum. The values used are from the 

Per cent volume of 

hh'Af'tir.a the 

flue gas. 

of 

of carbon burned per 

Pounds carbon in "as fired" fuel 

14 or 

and CO from 100 per cent. 

of fuel. 

Pounds of refuse per of "as fired" see Par. 7.04. 

Heat value for refuse from determination. 

inasmuch as its magnitude is such that it affects the wet gas 
may be calculated as outlined in Pars. 5.23 and 7.3.2.11 of the 

24 

on the order of 
Code for Steam 



AIR HEATERS 

14500 ~ 9.4 of the 
for Steam 

S fuel as 

N Pounds of per of fuel. 

0.7685 of standard , then becomes 

Test and is the ratio of the heat of the 

air the heater. 

9 air flow air heater. 

14 = 'Wet gas flow air heater as in Par. 7.03. 

heat of air between 

CpC heat of gas between tCl4 and tCIS 

tCI4 F air heater. 

tCIS F the air heater with no ._.~" .• ,,~ as in 
Par. 7.02. 

tA 9 = F Measured air temperature air heater. 

tA 8 F Measured air air heater. 

is derived from heat balan ce taken around an air heater corrected for no air the 
of 1, the heat balance is as follows: 

X-Ratio 

(4) For the determination of the mean 
average specific heat for wet air 

heats use PTe 4.1, Fig. 3 for air and Fig. 7 for gas calculate the weighted 

25 



A S M E PER FOR MAN C E TEST C ODE S 

X-Ratio is obtained the above formula and into it the data. 

tc 15 SA air heater for deviation from 

15 - tA S ) 

Where 

The 

air 

tc 14 F = Measured gas 

tc 15 F gas 

tAS =F Measured air 

is based on the test gas side 
derivation follows: 

tCI4 tc 15 tc 14 tCI5 SA 

tGI4 - tA.s tCl4 tAeD 

15 - tAS) + 15 

air heater 

air heater 

air heater 

air heater 

relJlaIllI nil! constant wi th in inlet 

to be solved for. This 
Par. 7.02. The two 

are shown as follows: 

the above to correct fol' the deviation from air 

SA k 

into gas 
tCIS SA can be solved for. 

tCl4 - k 15 - tAS ) - tCls 

26 
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The reduces to: 

tAsD 

7.09 

tCIS bC = F = 

Where 

tCl4D = F = 

tAs = F = air 

tCt4 F Measured gas 

The 
gas 

is based on the test gas side 
The derivation 

The gas 
temperature is related to the 

for the two 

k 

15 DC -

G 

+ tCI5 be 

gas 

) 

Air Heater for from Enter-

) 

air heater 

air heater 

air heater 

air heater 

constant with in inlet 

bC is the corrected variable to be solved for. This 
with 7.02. 

into the gas side ef-
the corrected gas temperature with tCIS G can he solved for. The 

result of this substitution is shown below 

k tAS) - tCIS e 

F Gas Air Heater for from 
X.Ratio. 

27 

1 



A SM E PER 0 R MAN C E T EST COD E S 

for deviation from X-Ratio may be 

Air Heater for Deviation from 

from flue gas flows 

7.12 
corrected gas tp,nn,,,rA air heater 

15 

tG IS SA F the air he ater for deviation from 

tG 15 SG the air heater for deviation from 

tGIS S F the air heater deviation from 

tG 15 8 F = Gas the air heater for deviation from 

gas flow 

tG 15 = Measured gas the air he ater. 

7.13 

Air for Deviation from Pressure Dif-

Air 

Where 

Air ",c",,,,,,,," 

15 14 

design correction curves can he substantiated by field tests although ,the procedures necessary may be considered 

impractical. 
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AI RHEA T E R S 

Where 

It is 

15,14 

8 

A 

14 

15)D 

15) 

R 

R 

8D 

A 8D 

Where 

A 

14 

14 

Ih wet air heater 

'15,14 + 
(6) 

gas flow as in Par. 7.04 

moisture in flue gas the air heater as in 

of water = static pressure 
connection and gas outlet at the 

air inlet at the 
connection 

of water = static pressure difference between air inlet at the 
connection and gas outlet at the connection 

of air air 

air heater. 

correction is not a treatment of the but is con-
accurate for the purpose the 

the above corrections when use the 

..... ,,"' ....... Differential 

Per cent Air heater in Par. 7.03 

gas flow air as in Par. 7.03 

gas flow air he ater at conditions 

of water static pressure difference between air inlet at the 
connection and outlet at the duct connection 

air leakage is assumed side. Therefore moisture in 
air not become',a of '15 + • The of this mois-
ture in latter term will not the accuracy since is a very small part total moisture 
term. If it is desired to calculate this moisture term, the procedure may be used: 

1. Calculate the actual pounds of dry air leakage per pound of "as fired" fuel; 5 

2. Multiply the result of humidity (pounds moisture/pounds dry air) to get the pounds of moisture in leak. 
age air per pound of 

3. term used to calculate 15 and then recalculate 

29 



It is 

Where 

II 

sO 

ASME PERFORMANCE TEST CODES 

13) 

R 

R 

Inches of water = , .. .,,.."' .... ., static 
duct connection 

Measured average Rankine 

mn ... r.'H .,.. .. of air 

that the ahove orifi ce correction is not a 
accurate the purpose of the 

difference between air inlet at the 
gas at the duct connection 

air heater. 

air heater. 

treatme nt of the hut is con-

14-\5) /) of water = Gas of the Air Heater 

14 15,1; 14-\5) 

D 

9D 

9) S Inches of water = Air side pressure loss of the air heater corrected for deviation 

- 9) 

R 

R 

Inches of water 

Rankine 

Rankine 

from flow and 

Measured pressure loss 

air flow 

of 

of 

air 

air 

Test air flow 
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treatme nt is much 
such time as field 

AIR HEATERS 

of 

of 

aIr 

and 

correction to pressure 
this 

be made an item of agreement 
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